PROCESS FOR PRODUCING OPTICALLY ACTIVE 3,3,3-TRIFLUORO-2- 
HYDROXY-2-METHYLPROPIONIC ACID, AND SALT THEREOF 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for producing optically 
active 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid by resolving racemic 
3,3, 3-trifluoro-2-hyclroxy-2-methylprop ionic acid with an optically active 
amine compound, novel optically active amine compound therefor and its 
production process. 

2. Description of Related Art 

Optically active 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid is a 
useful intermediate compound of pharmaceuticals for urinary incontinence 
as described in W097/14672 and also of agrochemicals. 

There have been reported a method in which racemic 3,3,3-trifl.uoro- 
2-hydroxy-2-methylpropionic acid is resolved with optically active a- 
methylbenzylamine (J. Med. Chem.. 1996, 39, 4592-4601) and a method in 
which racemic 3,3,3-trifluoro-2-hydxoxy-2-methylpropionic acid is optically 
resolved with brucine and followed by repeated recrystallizations (J. Chem. 
Soc, 1951, 2329-2332). 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a diastereomer salt 
comprising a specific optically active amine and optically active 3,3,3- 
trifluoro-2-hydroxy-2-methylpropionic acid, which is suitable for producing 
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optically active 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid having 

good optical purity, 

another object of the invention is to provide a process for producing 

optically active S^^-trifluoro^-hydroxy^-methylpropionic acid in 
5 industrially advantageous manner, 

further objects of the invention are to provide 

novel optically active amine compounds suitable for optical 

resolution, 

intermediate compounds for producing the optically active amines, 

1 0 and 

processes for producing the intermediate compounds. 

The present invention provides: 

1. A diastereomer salt of formula (1): 

CF 3 R 3 p 2 

CH3-cf-COO-H 2 +N-C--R n 
15 6h H (1), 

wherein each asymmetric carbon atom denoted by the symbol * is 

independently in S configuration or R configuration, 

Ri represents a lower alkyl group which may be substituted with a 
hydroxy group, or 
20 an optionally substituted aryl group, 

R2 represents a lower alkyl group which may be substituted with a 
hydroxy group, or an optionally substituted aralkyl group, and 

Rs represents a lower alkyl group which may be substituted with a 
hydroxy group, a hydrogen atom, a cyclohexyl group, or an optionally 
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substituted aralkyl group, 

provided that Ri and R2 are not the same, and when Ri is a phenyl 
group and R2 is a methyl group, R3 is not a hydrogen atom; 

2. A method for producing a diastereomer salt of formula (1) as 
5 defined above, which comprises contacting racemic 3,3,3-tri£Luoro-2- 
hydroxy-2-methylpropionic acid of formula (2): 

; CH3 — C— COOH 

OH (2) 

with an optically active amine of formula (3): 

1 

Ri — Cj£— NH~R 3 

H (3) 

10 wherein the symbol *, Ri, Ra, and R3 respectively represent the same as 
defined above to form diastereomer salt(s), and separating said 
diaBtereomer salt of formula (1); 

3. A method for producing an optically active S^^-trifluoro^- 
hydroxy-2-methylpropionic acid of formula (2'): 

15 

CF 3 

CH3 — C— COOH 

OH (2'). 

wherein an asymmetric carbon atom denoted by the symbol * is in S 
configuration or R configuration, 

which comprises treating the salt of formula (1) as defined above, 
20 with an acid, or a base and an acid; 

4. An optically active amine compound of formula (4): 
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/ 



NH-CH 2 -R 31 



H 



(4), 



wherein an asymmetric carbon atom denoted by tbe symbol * is in S 
configuration or R configuration, 

Ru represents an aryl group which may be substituted with at least 
one group selected from a C1-C4 alkyl group, a C1-C4 alkoxy group, 



R21 represents a C1-C4 alkyl group, or an ar alkyl group which may 
he substituted, and 

R31 is a 3-benzyloxyphenyl group or a 4-benzyloxyphenyl group, or a 
salt thereof; 

5. A method for producing an optically active amine compound of 
formula (4) as defined above, or a salt thereof, 
which comprises: 

reducing an imine compound of formula (7); 



wherein the symbol *, Rn, R21. and R31 respectively have the same meaning 
as defined above, to a reduction reaction; 

6. An imine compound of formula (7) as defined above, 

7. A method for producing an imine compound of formula (7) as 
defined above, which comprises: 

reacting an optically active amine of formula (5): 



a nitro group and a halogen atom, 




H 



5 
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15 



20 



R-m — NH 2 

H (5) 



wherein the symbol * denotes an asymmetric carbon atom, 

Ru and R21 respectively represent the same as defined above, with a 
benzyloxybenzaldehyde of formula (6): 



R31-CHO 



(6) 



wherein R31 represents a 3-benzyloxyphenyl gToup or a 4-benzyloxyphenyl 
group; 

8. An optically active amine compound of formula (8): 
X 2 X, 




(8) 

wherein Xi represents a halogen atom, or a lower alkyl group, 

X2 to X5 are the same or different and independently represent 

a hydrogen atom, a halogen atom, a nitro group or a lower alkyl group, 
R22 represents a lower alkyl group, and 

Rs2 represents an aryl group substituted with at least one group 
selected from a lower alkyl group, a lower alkoxy group, an aryl group, and 
an aryloxy group; 

9. A method for producing an optically active amine compound of 
formula (8) as defined above, which comprises: 

subjecting an imine compound of formula (11): 



*4 *5 



(ID 



wherein Xi to Xs , R22 and Ra2 are the same as defined above, to a reduction 
reaction. 

10. An inaine compound of formula (11) as defined above; and 

11. A method for producing an imine compound of formula (11) as 
defined above, which comprises: 

reacting an optically active amine compound of formula (9): 
x 2 x t 




X4 X5 ( 9 ) 
wherein X x to Xs and R22 are the same as defined above, with an aldehyde of 
formula (10): 

R32-CHO (1Q) 

wherein R32 represents the same as defined above. 



DETAILED DESCRIPTION OF THE INVENTION 
First a descritpion will be made to the diastereomer salt of formula 

(1) ■ 



Racemic S^^-trifluoro^-hydi-oxy^-methylpropionic acid (2) can be 



prepared by a known method as disclosed in J. Chera. Soc, 1951, 2329-2332 
or the like. 

The substituent groups Ri, Rz, and R3 of the optically active amine 
compound of formula (3) will be explained below. 
5 Examples of the lower alkyl group which may be substituted with a 

hydroxy group, in Ri, R2, and R3 include a C1-C4 alkyl group which may be 
substituted with a hydroxy group. 

Specific examples thereof include a methyl group, an ethyl group, 
a n-propyl group, an isopropyl group, a t -butyl group, a sec-butyl group, 
10 an i-butyl group, a hydroxymethyl group, a 2-bydroxy ethyl group, 

a 2-hydroxypx*opyl group, a 2-hydroxy-2-methylpropyl group and the like- 
In Ra, the hydroxy group which may be present on the alkyl moiety 
of the alkyl group which may be substituted with a hydroxy group is not on a 
carbon atom which is bound with the nitrogen atom. 
15 Examples of the optionally substituted aryl group, in Ri include 

a phenyl group, a naphthyl group and the like, all of which may be 
substituted with at least one group selected from a C1-C4 alkyl group, a Cl- 
C4 alkoxy group, a nitro group and a halogen atom. 

The C1-C4 alkyl group on the aromatic ring of the aryl groups 
20 includes a methyl group, an ethyl group, a n-propyl group, an isopropyl 
group, a t-butyl group, a sec-butyl group and an i-butyl group. 

The C1-C4 alkoxy group on the aromatic ring of the aryl groups 
includes a methoxy group, an ethoxy group, a n-propoxy group, an 
isopropoxy group, a t-butoxy group and the like. 
25 Examples of the halogen atom on the aromatic ring include a 

7 



fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 

Specific examples of the optionally substituted aryl group include a 
phenyl group, a naphthyl group, a 4-methylphenyl group, 
a 4-ethylphenyl group, a 4-propylphenyl group, a 4-isopropylphenyl group, 

5 a 4-t-butylphenyl group, a 2,5-dimethylphenyl group, 
a 2,4,6-trimethylphenyl group, a 2-fluorophenyl group, 
a 3-fluorophenyl group, a 4-fluorophenyl group, a 2-chlorophenyl group, 
a 3-chlorophenyl group, a 4-chlorophenyl group, a 2,4-dichlorophenyl group, 
a 2,3-dichlorophenyl group, a 4-bromophenyl group, 

10 a 2-methoxyphenyl group, a 4-methoxyphenyl group, 
a 2-ethoxyphenyl group, a 2-propoxyphenyl group, 

a 3,4-dimethoxyphenyl group, a 2-methoxy-5-fluorophenyl group and the 
like. 

The optionally substituted aralkyl group, in R 2 and R 3 include 
15 a C7-C12 aralkyl group 

of which aryl group may be substituted with at least one group 
selected from a C1-C4 alkyl group, a C1-C4 alkoxy group, a nitro group, a 
halogen atom, a C6-C10 aryl group, a C6-C10 aryloxy group, a C7-C12 
aralkyl group and a C7-C12 aralkyloxy group, the last four of which may be 
20 substituted on each aromatic ring with at least one group selected from a 
C1-C4 alkyl group, a C1-C4 alkoxy group and a halogen atom, and 
of which alkyl group (e.g., a methyl or ethyl group) may be 
substituted with a hydroxy group. 

The aryl groups in the above-described aryl, aryloxy, aralkyl and 
25 aralkyloxy groups include a C6-C10 aryl group such as a phenyl or naphthyl 




group. 

The alkyl moiety, in the axalkyl group, which may be substituted 

with a hydroxyl group include a methyl group or ethyl group, a 

hydroxy methyl group or hydroxyethyl group. 
5 The C1-C4 alkyl group, the C1-C4 alkoxy group and the halogen 

atom, all of which maybe present on the aryl group include the same groups 

as specified above. 

Specific examples of the aryloxy group include a phenoxy, 1- 

naphthoxy and 2-naphthoxy group and the like. 
10 Specific examples of the aralkyl groups include a benzyl group, 

a phenylethyl group, 1-naphtylmethyl group, 2-naphtylmethyl group and 

the like. 

Specific examples of the aralkyloxy group include a benzyloxy group, 
1-naphtylmethoxy group, 2-naphtylmethoxy group and the like. 

15 Specific examples of the optionally substituted aralkyl group, in R2 

and Ra include a benzyl group, a naphthylmethyl group, 
a 3-methylbenzyl group, a 4-methylbenzyl group, a 4-ethylbenzyl group, 
a 4-propylbenzyl group, a 4-isopropylbenzyl group, a 4-t-butylbenzyl group, 
a 2,5-dimethylbenzyl group, a 2,4,6'trimethylbenzyl group, 

20 a 2-fluorobenzyl group, a 3-fluorobenzyl group, a 4-fluorobenzyl group, 
a 2-chlorobenzyl group, a 3-chlorobenzyl group, a 4-chlorobenzyl group, 
a 2,4-dichlorobenzyl group, a 2, 3-dichloro benzyl group, 

a 4-bromobenzyl group, a 2-methoxybenzyl group, a 3-methoxybenzyl group, 
a 4-methoxybenzyl group, a 2-ethoxybenzyl group, a 2-propoxybenzyl group, 
25 a 3,4-dimethoxybenzyl group, a 2-methoxy-5-fluorobenzyl group, 



a 2-phenylethyl group, an a-hydroxybenzyl group, 

an a-hydroxy-4-methylbenzyl group, an a-hydroxy-4-methoxybenzyl group, 

an a-hydxoxy-4-nitrobenzyl group, an a-hydroxy-4-chlorobenzyl group, 

a 3-phenoxybenzyl group, a 4-phenoxybenzyl group, a 3-phenylbenzyl group, 
5 a 4-phenylbenzyl group, a 3-benzyloxybenzyl group, a 4-benzyloxybenzyl 

gToup and the like- 
Specific examples of the optically active amine (3) include optically 

active isomers of a-ethylbenzylaraine, a-propylbenzylamine, 

a-iaopropybenzylamine, a, 4-dimethylbenzylamine, 
1 0 a,2 f 5-trimethylbenzylamine, a,2,4,6-tetramethylbenzylamine t 

a-methyl-4~isopropylbenzylamine, 2-fluoro-a-methylbenzylamine, 

3- fluoro-a-methylbenzylamine, 4-fluoro-ct-metbylbenzylamine, 

4- bromo-a-methylbenzylamine, 2-chloro-a-methylbenzylamine, 
3-chloro-a-methylbenzylamine, 4-chloro-a-methylbenzylamine, 

1 5 2,3-dichloro-a-methylbenzylamine, 2,4-dichloro-a-methylbenzylamine, 
2-raethoxy-a~methylbenzylamine, 4-methoxy-a-methylbenzylamine, 
2-ethoxy-a-methylbenzylamine, 3,4-dimethoxy-a-methylbenzylamine, 

5- fluoro-2-methoxy-a-inethylbenzylamine, a,p-diphenylethylamine, 
l-pbenyl-2-(p-tolyl)ethyiamine, a-phenyl-p-(3-methoxypher^yl)ethylaroine, 

20 a- phenyl-^-(4-chlorophenyl)ethylamine, a.v-diphenylpropylamine, 

a-methyl-l-naphthylamine, a-methyl-2-naphthylmethylamine f 

N-benzyl-a-methylbenzylamine, 

N-(2-naphthylmethyl)-a-methylbenzylamine, 

N-(3-benzyloxybenzyl)-a-methylbenzylamine, 
25 N-(4-phenylbenzyl)-a-methylbenzylamine, 



N-(3-benzyloxybenzyl)-l-phenyl-2-(p-tolyl)ethylamine, 

N-(4-phenylbenzyl)-l-phenyl-2-(p-tolyl)ethylamme, 

N-ben2yl-2,4-dichloro-a-methylbenzylaJnine, 

N-(3-benzyloxybenzyl)-2,4-dichloro-a-methylbenzylamine, 

N-(4-phenylbeii2^])-2,4-dichloro-a-methylbenzylamine, 

N-(3-cWorobenzyl)-a-methylbenzylamine, 

N-(4-chlorobenzyl)-a-methylbenzylaminG, 

N-(3*nitorobenzyl)-a-methylbenzylamine, 

N-(4-iiitxobenzyl)-a-methylbenzylamiiie, 

norephedrine, 

2-amino-l-phenyl-l-butanol, 

2-amino-3-methyM-phenyl-l-butanol, 

2-amino-l-(4-methylphenyl)-l-propanol, 

2- amino - l-(4~nitropbenyl)- 1-propanol, 

2-amino-l-(4-chlorophenyl)-l-propanol, 

2-amiiio-l,2-diphenylethanol, 

2-amino-l-phenyl-2-(p-tolyl)ethanol, 

2-amino-l-phenyl-2-(4-chlorophenyl)etbanol, 

2-amino-l-phenyl-2-(4-methoxypbenyl)ethaLnol. 

N-benzyl-2-amino-l-phenyl-l-propanol, 

N-benzyl-2-amino-l-phenyl-l-butanol, 

N-benzyl-2-amino-3-methyl-l-phenyl-l-butanol, 

N-benzyl-2-amino-l-(4-methylphenyl)-l-propanol, 

N-benzyl-2-amino-l-(4-nitrophenyl)-l-propanol p 

N-benzyl-2-ammo-l-(4-chlorophenyl)-l-propanol, 
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N-benzyl-2-amino-l,2-diphenylethanol, 
N-benzyl-2-amino-l«phenyl-2-(p-tolyl)ethanol, 
N-benzyl-2-amino-l-phenyl-2-(4-chlorophenyl)ethanol, 
N-benzyl-2-ammoa-phenyl-2-(4-methoxypberLyl)ethanol, 
5 N-(3-benzyloxybenzyl)-2-aanino-l-pbenyl-l-propanol > 

N-(4-phenylbenzyl)-2-amino^l-phGnyl-l-propariol, 

N-(2-naplxth.ylmetby\)-2-axaino-l-plnenyl-l-pxopai\ol > 

N-(4-methylbenzyl)-2-amino-l-phenyH-propanol } 

N-(3-cblorobenzyl)-2-arQmo-l-pbenyl-l-propanol, 
10 N-(4-nitorobenzyl)-2-amino-l-p"henyl-l-propanol, 

N-(4-methoxybenzyl)-2-amino-l-phenyl-l-propanol, 

N- (2, 5-dimethoxybenzyl)-2~ amino- 1 -phenyl- 1-propanol, 

N-(3-methoxybenzyl)-2-amino-l-phenyl-l-propanol, and the like. 
Among these optically active amines (3), 
15 preferred are optical isomers of a-4-dimethylbenzylamine, 

N-benzyl-a-methylbenzylamine, 

N-(3-benzyloxybenzyl)-a-methylbenzylamine, 

N-(4-phenylbenzyl)-a-methylbenzylamine, 

N-(2-naphthylmethyl)-a-methylbenzylamine, 
20 N-(3-cHorobenzyl)-a-methylbenzylamine, l-phenyl-2-(p-tolyl)ethylamine, 

N-benzyl-l-phenyl-2-(p-tolyl)ethylamine. 

N-benzyl-2,4-dichloro-a-methylbenzylamine, 

N-(3-benzyloxyben2yl)-2,4-dichloro-a-methylbenzylamine, 

N-(4-phenylbenzyl)-2,4-dichloro-a-methylbenzylamine, 
25 norephedrine and the like. 
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More preferred are 

an optically active amine compound of formula (3), 
wherein Ri is a phenyl group, R2 is a 4-methylbenzyl group and 
R3 is a benzyl group, 
5 an optically active amine compound of formula (3), 

wherein Ri is a methyl group, R2 is an a-hydroxybenzyl group and 
Ra is a hydrogen atom, 

an optically active amine compound of formula (3), 
wherein Ri is a 2,4-dichlorophenyl group, R2 is a methyl group and 
10 R3 is a 3-benzyloxybenzyl group, 

an optically active amine compound of formula (3), 
wherein Ri is a 2,4-dichlorophenyl group, R2 is a methyl group and Rs is a 
4-phenylbenzyl group, which are 
N-benzyM-phenyl-2-(p-tolyl)ethylamine, 
15 N-CS-benzyloxybenzyy-Z^-dichloro-a-methylbenzylamine, 
N-(4-phenylbenzyl)-2,4-dichloro-a-methylbenzylamine, and 
norephedrine. 

The diastereomer salt of formula (1) as defined above can be 
produced by a process which comprises contacting racemic 3,3,3-trifluoro-2- 
20 hydroxy-2-methylpropiorric acid of formula (2) with an optically active amine 
of formula (3), typically in a solvent, to obtain diastereomer salt(s), and 
isolating the desired diastereomer salt of formula (1). 

The amount of the optically active amine (3) to be used is usually 
approximately from 0.2 to 3 moles, preferably approximately from 0.4 to 1.5 
25 moles per mol of racemic S^^-trifluoro^-hydroxy^-methylpropionic acid 
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(2). 

The diastereomer salt of formula (1) formed in the resulting reaction 
mixture is usually precipitated, wherein the reaction mixture is usually in 
solution form and optionally a solvent may be used for dissolving said 
reaction mixture. 

Precipitation of the desired salt may be accomplished on standing, 
stirring, inoculating of seed crystals, cooling and for concentrating said 
solution, and' precipitated salts are usually isolated, for example, by 
filtration or the like, and optionally followed by washing and/or drying. 

Contacting the 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid (2) 
with the optically active amine (3), standing, stirring, cooling, and /or 
concentrating of the solution of the diastereomer salts are usually conducted 
within a temperature range of from a melting point of the solution to the 
boiling point of the solvent, if employed, or typically between from -20 to 
60°C. 

Examples of the solvent to be used include 
alcohols such as methanol, ethanol, isopropyl alcohol or the like, 
ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone or the 
like, ethers such as diethyl ether, t-butyl methyl ether, n-butyl ether, " 
tetrahydrofuran or the like, esters such as ethyl acetate, 
aliphatic hydrocarbons such as n-hexane. n-heptane, cyclohexane or the like, 
aromatic hydrocarbons such as benzene, toluene, xylene or the like, 
halogenated hydrocarbons such as chloroform, dichlorome thane, 
dichloroethane, chlorobenzene or the like, 

aprotic polar solvents such as dimethylformamide, acetonitrile or the like, 
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and water, etc. The solvent may be used alone or as a mixture thereof. 

The amount of the solvent to be used may be optionally set 
depending on the kind of the optically active amine (3), the kind of the 
solvent and the like, but is usually within the range of from 1 to 50 parts by 
5 weight per 1 part by weight of 3,3,3-trifluoro-2-hydroxy-2-methylpropionic 
acid (2). 

Examples of the diaBtereomer salt of formula (1) include salts 

' i 

comprising optically active 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
(2') having either Sox i? configuration with respect to the asymmetric carbon 

10 atom designated by * and optically active amine of formula (3) as specified 
above having either S or JR configuration with respect to the asymmetric 
carbon atom designated by *. 

The optically active 3,3 > 3-tri£Luoi'o-2-hydroxy-2-methylpropionic acid 
(2*) can be obtained by a method, which comprises treating the salt of 

15 formula (1) as defined above, with an acid, or a base and an acid. 

Optically active 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid (2') 
can be obtained, for example, by contacting the diastereomer salt (1) with an 
aqueous acid solution, or an acid and water, extracting the resulting 
aqueous acid layer with a hydrophobic solvent, and then concentrating the 

20 extract. 

Alternatively, the diastereomer salt (1) may be contacted with an 
aqueous basic solution. After extracting the resulting aqueous basic layer 
with a hydrophobic solvent, the separated aqueous layer is acidified with an 
acid, extracting the aqueous acid layer with a hydrophobic solvent and then 
25 concentrating the extract to yield the optically active 3,3,3-trifluoro-2- 
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hydroxy-2-methylpropionic acid (2'). 

Specific examples of the acid to be used include an inorganic acid 
such as hydrofluoric acid, hydrochloric acid, hydrobromic acid, sulfuric acid 
or the like. Among these acids, hydrochloric acid and sulfuric acid are 

5 particularly preferred. 

The amount of the acid to be used is usually approximately from 1 to 
200 moles, preferably approximately from 2 to 20 moles per mol of the 
diastereomer salt (1). 

Specific examples of the base to be used include alkali metal 

10 hydroxides such as lithium hydroxide, sodium hydroxide, potassium 

hydroxide or the like, alkaline earth metal hydroxides such as magnesium 
hydroxide, calcium hydroxide or the like, alkali carbonates such as sodium 
carbonate, potassium carbonate or the like, alkali hydrogencarbonates such 
as sodium hydro gencaxbonate, potassium hydrogencarbonate or the like, etc. 

1 5 The amount of the base to be used is usuaDy approximately from 1 to 

200 moles, preferably approximately from 2 to 20 moles per mol of the 
diastereomer salt (1). 

Specific examples of the hydrophobic solvent to be used for 
extraction in the present invention include ethers such as diethyl ether, t- 

20 butyl methyl ether, n-butyl ether, tetrahydrofuran or the like, esters such as 
ethyl acetate or the like, aliphatic hydrocarbons such as n-hexane, n- 
heptane, cyclohexane or the like, aromatic hydrocarbons such as benzene, 
toluene, xylene or the like, halogenated hydrocarbons such as chloroform, 
dichloromethane, dichloroe thane, chlorobenzene or the like. The 

25 hydrophobic solvent may be used alone or as a mixture thereof. 
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The amount of the hydrophobic solvent to be used for extraction 
varies depending on the kind of the optically active amine (3) of the 
diastereomer salt, the kind of the solvent and the like, but it is usually 
within the range of from 1 to 200 parts by weight per 1 part by weight of the 
5 diastereomer salt (1). 

The amount of water, or aqueous acidic solution to be used for the 
dissolution of the diastereomeric salt (1) varies depending on the kind of the 
optically active amine (3) of the diastereomer salt and the like, but it is 
usually within the range of from 1 to 200 parts by weight per 1 part by 
10 weight of the diastereomer salt (1). 

The extraction is usually conducted at a temperature range of from 
the melting point to the boiling point of water and the solvent to be used, 
preferably approximately from 0 to 60°C. 

According to the present invention, the optically active 3,3,3- 
15 trifluoro-2-hydroxy-2-methylpropionic acid, which is useful as an 

intermediate for producing pharmaceuticals or a gro chemicals, can be 
obtained in good optical purity in an industrial scale. 

The optically active amine compound of formula (3) include novel 
optically active amine compounds of formulae (4) and (8). 
20 In the novel optically active compound of formula (4), the aryl group 

which may be substituted with at least one group selected from a C1-C4 
alkyl group, a C1-C4 alkoxy group, a nitro group and a halogen atom, in Rn 
include the same groups as defined for Rj above. 

The optionally substituted aralkyl group and the C1-C4 alkyl group, 
25 in R21 respectively represent the same groups as defined for R2 above. 
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R-31 represents a 3-benzyloxyphenyl group or a 4-benzyloxyphenyl 

group. 

Specific examples of the optically active amine compound (4) or a 
salt thereof include optically active isomers of 
N-(3-benzyloxybenzyl)-a-methyllDeri2ylamine, 
N-(3-benzyloxybenzyl)-a-ethylben2ylamine, 
N-(3-benzyloxybenzyl)-a-propylbenzylamine, 
N-CS-benzyloxybenzyli-a-isopropylbenzylamine, 
N-(3-benzyloxybenzyl)-a,4-dimethylbenzylamine, 
N-CS-benzyloxybenzy^-a^^-trimethylbenzylamine, 
N^S-benzyloxybenzyD-a^^.e-tetramethylbenzylamine, 
N-(3-benzyloxybenzyl)-a-methyl-4-isopropylbenzylamine, 
N-(3-benzyloxybenzyl)-2-fluoro-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)-3-fluoro-a-methylben2ylamine, 
N-(3-benzyloxybenzyl)-4-fluoro-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)-4-bromo-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)^2-(^oro-a-met^ylbenzylarriine, 
N-(3-benzyloxybenzyl)-3-chloro-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)-4-chloro-a-methylbenzylamine, 
N'(3-benzyloxybenzyl)-2,3-dichloro-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)-2,4-dichloro-a-methylben2ylamine, 
N-CS-benzyloxybenzy^^-methoxy-a-methylbenzylamine, 
N-(3-benzyloxybenzyl)^4-methoxy-a-methylbenzylamixie, 
N-(3-benzyloxybenzyl)'2-ethoxy-a-methylbenzylamine > 
N-(3-benzyloxybenzyl)-3 i 4-dimethoxy-a-methylben2ylamine, 
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N-(3-benzyloxybenzyl)-5-fluoro-2-methoxy-a-methylbenzylamine, 
N-(3-benzyloxybenzyi)-a,p-diphenylethylamine, 
N-(3-benzyloxybenzyl)-l-phenyl-2-(p-tolyl)ethylamine, 
N-(3-benzyloxybenzyl)-a-phenyl-P-(3-methoxyphenyl)ethylamine, 
N-(3-benzyloxybenzyl)-a-phenyl-p-(4-chlorophenyl)ethylamine, 
N-CS-benzyloxybenzy^-a.Y-diphenylpropylamiriG, 
N-(3-ben2yloxybenzyl)-a-methyl-l-naphtbylaraine, 
N-(3-benzyloxybenzyl)-a-metbyl-2-naphthylmethylamine, 
N-(4-benzyloxybenzyl)-a-metliylbenzylamine, 
N-(4-benzyloxybenzyl)-a-ethylbenzylamine, 
N-(4-benzyloxybeii2yl)^a-propylbenzylamine, 
N-(4-benzyloxybenzyl)-a-isopropylbenzylamine, 
N-(4-benzyloxybenzyl)-a,4-dimethylbenzylamine, 
NK4-benzyloxybenzyl)-a,2 f 5-trimethylbenzylamine, 
N-(4-benzyloxybenzyl)-a,2,4,6-tetramethylbenrylamiiie, 
N-(4-benzyloxybenzyl)>a-metbyl-4-isopropylbenzylamiBe f 
N-(4-benzyloxybenzyl)-2-jQuoro-a-methylbenzylamine, 
N'(4-benzyloxybenzyl)-3-£luoro-a-methylbenzylamine, 
N-(4-benzyloxybenzyl)-4-fluoro--a-methylbeiizylamine, 
N-(4-bejazyloxybenzyl)-4-bromo-a-methylbenzylamine, 
N-(4-benzyloxybenzyl)-2-chloro-a-methylbenzylamine, 
N-(4'benzyloxybenzyl)-3-chloro-a-niethylbenzylamine > 
N-(4-benzyloxybenzyl)-4-chloro-a-methylbenzylamine, 
N-(4-benzyloxybenzyl)-2,3-dichloro.a-methylbenzylamiiie, 
N-(4-benzyloxybeuzyl)-2,4-dichloro-a-metbylbenzylamine, 
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N-C^benzyloxybenzylJ^-raethoxy-a-methylbGnzylamine, 
N-(4-ben2yloxybenzyl)-4-metlioxy-a-methylben2ylamine, 
N-(4-benzyloxybenzyl)-2-etlioxy-a-metliylbenzylamine, 
N-(4-benzyloxybenzyl)-3,4-dimetlioxy-a-methylbenzylamine, 

5 N-(4-benzyloxybenzyl)-5-fluoro-2-methoxy-a-methylbenzylamine, 
N-(4-benzyloxybenzyl)-a,p*diphenylethylamine, 
N-(4-benzyloxyben2yl)-l-phenyl-2-(p-tolyl)ethylamine, 
N-(4-benzyloxybenzyl)-a-phenyl-p<3-methoxyphenyl)etbylainine, 
N-(4-benzyloxybenzyl)-a-pbenyl-p-(4-chloropbenyl)ethylamine, 

1 0 N-(4-benzyloxybenzyl)-a,v-diphenylpropylamine, 
N-(4-benzyloxybenzyl)-a-tnetbyl-l-naphtliylamine, 

N-(4-benzyloxybenzyl)-a-methyl-2-naphthylmethylamine 1 and salts thereof 
with an inorganic acid such as hydrochloric acid, sulfuric acid, nitric acid or 
the like. 
15 Preferred are 

optically active amine compounds of formula (4), wherein 
Ru is a phenyl group and R21 is a methyl group* and 

optically active amine compounds of formula (4), wherein 
Ru is a 2,4-dichlorophenyl group and R21 is a methyl group. 
20 The optically active amine compound (4) can be obtained, for 

example, by a process, which comprises subjecting the imine compound of 
formula (7) to a reduction reaction. 

In the imine compound of formula (7), Ru, R21 and Rz\ are as defined 
above for the optically active amine compound of formula (4). 
25 Specific examples of the imine compound (7) include: 
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N-(3-ben2yloxybenzylidene)-a-niethylbeiizylamine J 

N-(3-benzyloxybenzylidene)-a-ethylbenzylamine, 

N-(3-benzyloxybenzylidene)-a'propylbenzylamine, 

N-(3-benzyloxyben2ylidene)-a-isopropylbenzylamine, 

N-(3-benzyloxybenzylidene)-a,4-dimethylbenzylamine, 

N-(3-ben2yloxybenzylidene)-a t 2,5-trimethylbenzylamine, 

N-(3-benzyloxybenzylidene)~a,2,4,6-tetramGthylbenzylamine, 

N-(3-benzyloxybenzylidene)-a-inethyl-4-isopropylbenzylamine, 

N-(3-ben2yloxybenzylidene)-2-fluoro-a-methylbenzylamine J 

N-(3-benzyloxybenzylidene)-3-fluoro-a-methylbenzylamine, 

N-(3-benzyloxybenzylidene)-4-fluoro-a-metkylbeiizylaiaine J 

N-(3-benzyloxybenzylidene)-4-bromo-a-methylbenzylamine, 

N-(3-benzyloxybenzyUdene)-2-chloro-a-methylbenzylamine, 

N-(3-benzyloxybenzylidene)-3-chloro-a-methylbenzylamine, 

N-(3-benzyloxybenzylidene)-4-chloro-a-mGtby'lbenzylaxaine ) 

N-(3-ben2yloxybenzyUdene)-2,3-dicWoro-a-methylbenzylamine, 

N-(3-benzyloxybenzyUdene)-2,4-dich^ 

N-(3-benzyloxybenzylidene)-2-metboxy-a-methylbenzylamine, 
N-(3-benzyloxybenzylidene)-4-methoxy-a-methylbenzylamine, 
N-(3-benzyloxybGnzylidsne)-2-ethoxy-a-methylbenzylamine, 
N-(3-ben2yloxybenzylidene)-3,4-dimethoxy-a-metbylbenzylamine > 
N-(3-bGnzyloxybenzylidene)-5-fluoro-2-methoxy-a-methyIbenzylamine, 
N-(3-benzyloxybGnzylidGne)-a,p-diphenylethylamine, 
N-(3-benzyloxybGnzyUdene)-l-phGnyl-2-(p-tolyl)ethylamine, 
N-(3-benzyloxybenzyUdene)-a-phenyl-p-(3>metboxyphGnyl)ethylaraine, 
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N-(3-benzyloxybenzylidene)-a-phenyl-p<4-chlorophenyl)etJiylamirie 

N-(3-benzyloxybenzylidene)-a,Y-diphenylpropyiamine, 

N-(3-benzyloxybenzylidene)-a-mGthyl-l-naphthylamine, 

N-(3-benzyloxybenzylidene)-a-methyl-2-naphthylmethylamine l 

N-(4-benzyloxyben2ylidene)-a-methylbenzylamiae, 

N-(4-benzyloxybenzylidene)-a-ethylbenzylamine > 

N-(4-berLzyloxybenzylidene)-a-propylbenzylamine, 

N-(4-benzyloxybenzylidene)-a-isopropylbenzylamine, 

N-(4-benzyloxybenzylideae)-a,4-dimetiLylbenzylamme, 

N-(4-benzyloxybenzyUdene)-^2,5-tjriinethylbenzylamine, 

N-(4-berL^loxyben2ylidene)-a > 2 > 4 J 6-tetramethylbenzylamme, 

N-(4-benzyloxybenzylidene)-a-methyl-4-isopropylbenzylamine, 

N-(4-benzyloxybenzyliderie)-2-fluoro-a-methylbenzylamine 1 

N-(4-ben2yloxybenzyHdene)-3-fluoro-a-methylbenzylainine, 

N-(4-benzyloxybenzylidene)-4-fluoro-a-methylbenzylamine, 

N-(4-benzyloxybenzylidGiie)-4-bromo-a-methylbenzylamine, 

N-(4-benzyloxybenzylidGne)-2-chloro-a-methylbenzylamine, 

N-(4-benzyloxybenzyHdene)-3-chloro-a-methylbenzylaminG, 

N-(4-beazyloxybenzyUdGne)-4-ciiloro-a-raetbLylbenzylainine, 

N-(4-beazyloxybenzylidene)-2»3-dichloro-a-methylbGnzylamine, 

N-(4-benzyloxybenzylidene)-2,4-dichloro-a-methylbenzylamine, 

N-(4-benzyloxybenzylidene)-2-methoxy-a-methylbenzylamine, 

N-(4-benzyloxybenzylidenG)-4-methoxy-a-methylbenzylaminG, 

N-(4-benzyloxybenzylidenG)-2-ethoxy-a-methylbenzylamme 1 

N-(4-benzyloxybenzylidGne)-3 > 4-dimethoxy-a-mGthylbenzylaruine, 

22 



N-(4-benzyloxybenzylidene)-o-fl 

N-(4-benzyloxybenzyhdene)-a,p-diphenylethylamine, 

N-(4-benzyloxybenzylidene)-l-phenyl-2-(p-tolyl)ethylamine ) 

N-(4-ben2yloxybenzylidene)-a-phenyl-p-(3-methoxyphenyl)ethylamine, 

N-(4-ben2yloxybenzyhdene)-a~phenyl-p-(4-cM 

N-(4-benzyloxybenzylidenG)-a,v-diphenylpropylarQine, 

N-(4-benzyloxybenzyHdene)-a-metiLyl-l-naphthylamine, 

N-(4-benzyloxybenzylidene)-a-methyl-2-naphthylmethylamine and the like. 

The reduction reaction is usually conducted, for example, by a 
process which comprises reacting the imine compound of formula (7) with a 
reducing agent such as a metal hydride or the like, alternatively with 
hydrogen in the presence of a catalyst. 

Examples of the metal hydride include lithium aluminum hydride, 
sodium borohydxide and borane and the like. Borane includes diborane, 
borane-THF, a borane-sul&de complex, a borane-amine complex and the 
like. 

The amount of the reducing agent to be used is usually within the 
range of approximately from 0.25 to 5 moles, preferably approximately from 
0.25 to 2 moles per mol of the imine compound (7) in the case where lithium 
alminum hydride or sodium borohydride is used. 

When borane is used, the amount of borane to be used, on a borone 
basis, is usually within the range of approximately from 0.3 to 5 moles, 
preferably approximately from 0.3 to 3 moles per mol of the imine compound 
(7). 

The reduction reaction is usually conducted in an inert solvent. 
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Examples of the inert solvents include ethers such as diethyl ether, t-butyl 
methyl ether, n-butyl ether, tetrahydrofuran or the like, aromatic 
hydrocarbons such as benzene, toluene, xylene or the like, halogenated 
hydrocarbons such as chloroform, dichloromethane, dichloroethane, 

5 chlorobenzene or the like. 

When sodium borohydride is used as a reducing agent, a lower 
alcohol such as methanol, ethanol, isopropyl alcohol or the like as well as the 
aforementioned solvents. The solvent may be used alone or as a mixture 
thereof. The amount of the solvent to be used is not particularly limited. 

10 The reaction is usually conducted within a temerature range of 

approximately of from -50°C to 100°C, preferably from -20°C to 100°C. 

After completion of the reaction, the optically active amine 
compound (4) is usually obtained, for example, by treating the resulting 
reaction mixture with water, acetic acid or an inorganic acid, and then 

15 extracted with a hydrophobic organic solvent under alkaline conditions, 
which was made by adding an appropriate amount of a base, phase 
separation of the organic phase and concentration thereof under a neutral or 
weakly basic condition. The product may be further purified by 
recrystallization, and/or column chromatography using silica gel, etc., if 

20 necessary. 

Examples of the catalyst to be used for hydrogenation include Raney 
nickel, palladium-carbon, platinum dioxide, platinum black and the like. 

The amount of such a catalyst to be used is usually from 0.1 to 100% 
by weight, preferably from 0.5 to 50% by weight per 1 part by weight of the 
25 imine compound (7). 



An inert solvent may be used in the hydrogenation reaction. 
Examples of the solvent include alcohols such as methanol, ethanol, 
isopropyl alcohol or the like, ethers such as diethyl ether, t-butyl methyl 
ether, n-butyl ether, tetrahydrofuran or the like, esters such as ethyl acetate, 
5 aromatic hydrocarbons such as benzene, toluene, xylene or the like, water, 
etc. These solvents may be used alone or as a mixture thereof. The amount 
of the solvent to be used is not particularly limited. 

The hydrogenation is usually conducted within the range of 
approximately from -30°C to 150°C, preferably from -10°C to 100°C. 
10 The hydrogenation is usually conducted at a pressure of 

approximately from 0 to 10 MPa (0 to 100 kg/cm 2 ), preferably approximately 
from 0 to 5 MPa (0 to 50 kg/cm 2 ). 

After completion of the reaction, the optically active amine 
compound (4) can be obtained, for example, by removing the catalyst by 
1 5 filtration, followed by concentrating the filtrate. The desired product may 
be further purified by recrystallization and/or column chromatography using 
silica gel, if necessary. 

The imine compound (7) is usually obtained by a process, which 
comprises reacting the optically active amine (5) with the 
20 benzyloxybenzaldehyde (6). 

In the optically active amine (5), Rn and R21 are as defined above for 
the optically active compound of formula (4). 

Examples of the optically active amine (5) include optical isomers of 
a-methylbenzylamine, l-(l-naphthyl)ethylamine, 
25 a,4-dimethylbenzylamine, 44sopropyl- a-methylbenzylamine, 



4-nitxo-a- me thy lbe nzylamme , 4-br omo-a-methy lb eixxylamine , 
a-ethylbenzylamine, a-isopropylbenzylamine, 
l-phenyl-2-(p-tolyl)ethylamine and the like. These amines are 
commercially available or can be readily obtained by a known method. 
5 Alternatively, the optically active amine (5) can be obtained by a similar 
manner as disclosed in a reference such as Houben-Weyl, Methoden der 
Organischen Chemie, Georg-Thieme-Verlag, Stuttgart and the like. 

Examples of the benzyloxybenzaldehyde of formula (6): R31-CHO 
include 3-benzyloxybenzaldehyde and 4-benzyloxybenz aldehyde. These 
10 aldehydes are commercially available. 

The optically active amine (5) is usually reacted with the 
benzyloxybenzaldehyde of formula (6) in a solvent. Examples of the solvent 
include alcohols such as methanol, ethanol, isopropyl alcohol or the like, 
ethers such as diethyl ether, t-butyl methyl ether, n-butyl ether, 
.15 tetrahydrofuran or the like, aromatic hydrocarbons such as benzene, toluene, 
xylene or the like, halogenated hydrocarbons such as chloroform, 
dichloromethane, dichloroe thane, chlorobenzene or the like. 

The solvent may be used alone or as a mixture thereof. 
The amount of the benzyloxybenzaldehyde (6) is usually 1 to 1.2 
20 moles per mole of the optically active amine (5). 

The reaction temperature is usually within the range of from 0*0 to 
200°C, preferably from 0°C to 150°C. 

Although the obtained imine compound (7) can be isolated by 
evaporation and the like, it may be used in the subsequent reaction as it is 
25 without being isolated. 
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Next descriptions will be made to the optically active amine 
compound of formula (8) as defined above, a process for producing the same, 
the imine compound (11) and processes of using and producing the same. 

In the novel optically active compound of formula (8), the halogen 
5 atom represented by Xi to Xs have the same meanings as defined above. 

The lower alkyl group represented by R22 or X2 to X5 include a C1-C4 
alkyl group as specified for R2 above. 

Preferably, Xi and X3 represent halogen atoms such as chlorine and 
X2, X4 and X5 represent hydrogen atoms. 
1 0 The lower alkyl group and the lower alkoxy group on the aryl group 

in R32 include C1-C4 alkyl group and C1-C4 alkoxy group respectively. 

Examples of the aryl group include C6-C10 aryl group such as a 
phenyl or naphthyl group. 

Examples of the C6-C10 aryl group substituted with at least one 
15 group selected from a C1-C4 alkyl group, a C1-C4 alkoxy group, an aryl 

group (e.g. a phenyl or naphthyl group) and an aryloxy group (e.g. a phenoxy 
or naphthoxy group), in R32 include 
a 1 -naphthyl group* 

a 2-naphthyl group, a 4-methylphenyl group, a 4-ethylphenyl group, 
20 a 4-propylphenyl group, a 4-isopropylphenyl group, a 4-t-butylphenyl group, 

a 2,5-dimethylphenyl group, a 2,4,6-trimethylphenyl group, 

a 2-methoxyphenyl group, a 4-methoxyphenyl group, 

a 2-ethoxyphenyl group, a 2-propoxyphenyl group, 

a 3,4-dimethoxyphenyl group, a 3-phenoxyphenyl group, and 
25 a 4-phenylphenyl group. Among these groups, preferred are 3- 
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phenoxyphenyl group and a 4-phenylphenyl group. 

Specific examples the optically active amine compound of formula (8) 
or salts thereof include optically active isomers of 
N-(4-methylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2-chloro. a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2-chloro- a -methylbenzylamine, 
N-(4-phenoxybenzyl)-2-chloro- a -methylbenzylamine, 
N-(2-pbenylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2-chloro- a -methylbenzylamine, 
N-(4-phenylbenzyl)-2-chloro- a -methylbenzylamine, 

N-(4-methylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(2.5-dimethylbenzyl)-2 ) 3-dichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(4-metho X ylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(3.4-dimethoxylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
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N-(3-phenoxybGnzyl)-2.3-dichloro- a -methylbenzylamine, 
N-(4-phenoxybenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(2-phenylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,3-dichloro- a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,3-dichloro- a -methylbenzylamine, 

N-(4-methylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(2,4.6-trimethylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(4-isoprop y lbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(2-ethoxylben2yl)-2,4-dichloro- a -methylbenzylamine, 

N-(3,4-dimethoxylb e n 2 yl)-2,4-dichloro-a-methylbenzylamine, 
N-(3-phenoxybenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(4-phenoxyb en zyl)-2,4-dichloro- a -methylbenzylamine, 
N-(2- P henylbenzyl)-2,4-dichloro- a -methylbenzylamine, 
N-(3-phenylben2yl)-2,4-dichloro- a -methylbenzylamine. 
N-(4-ph 6 nylbemyl)-2,4-dichloro- a -methylbenzylamine, 

N-(4-methylbenzyl)-2,5-dichloro- a -methylbenzylamine. 
N-(2,5-dimethylbenzyl)-2,5-dichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(4-isopropylb e nzyl)-2,5-dichloro- a -methylbenzylamine. 
N-(2-methoxylbenzyl)-2.5-dichloro- a -methylbenzylamine, 
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N-(4-methoxylbenzyl)-2,5-dichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,5-dichloro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzyl)-2,5-dicliloro- a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,5-dichloro« a -methylbenzyl amine, 
5 N-(4-phenoxybenzyl)-2,5-cUchloro- a -taethylbenzylamine, 
N-(2-phenylbenzyl)-2,5-dichloro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,5-dichloro- a -methylbenzylamine, 
N-(4-phenylben2yl)-2,5-dichloro- a -methylbenzylamine, 

10 N-(4-methylbenzyl)-2,6-dichloro- a -methylbenzylamine, 

N-(2,5-dimethylbeuzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,6-dichloro- a -methylbenzylamine, 

1 5 N-(4-methoxylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(3,4^dimethoxylbenzyl)-2,6-dichloro- (X -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,6-dichloro- a -methylbenzylamine, 
N~(4-phenoxybenzyl)-2,6-dichloro- a -methylbenzylamine, 

20 N-(2-phenylbenzyl)~2,6-dichloro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,6-dichloro- a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,6-dichloro- ( a -methylbenzylamine, 
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N-(4-methylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
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N-(2,4,6-trimethylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
N-(4-i S opropylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
N-(2- m ethoxylb en2 yl)-2,4,6-tricbloro- a -methylbenzylamine, 
N-(4-metlxox y lben Z yl)-2,4,6.trichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
N-(3 > 4-dimethoxylbenzyl)-2,4,6-trichloro- a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,4,6-txichloro- a -methylbenzylamine, 
N-(4-phenoxybenzyl).2 > 4,6-trichloro- a -methylbenzylamine, 
N-(2- P h e nylbenzyl)-2,4 ) 6-trichloro- a -methylbenzylamine, 
N-CS-pher^lbenzyl^AG-trichloro- a -methylbenzylamine, 
N-(4-phenylb en z y l).2.4,6-trichlo r o- a -methylbenzylamine, 

N-(4-methylbenzyl)-2,3.4-trichloro- O -methylbenzylamine, 
N-(2,5-dimethylbenz y l)-2,3,4-trichIoro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,3,4-trichloro- a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2,3,4-trichloro- a -methylbenzylamine, 
N-(2-metho X ylbenzyl)-2 1 3 > 4-trichloro- a -methylbenzylamine, 

N-(4-methoxylbenzyl)-2.3 ) 4-trichloro-a-methylben 2 ylamine, 
N-(2-ethoxylbenzyl)-2 r 3,4-trichloro- a -methylbenzylamine. 
N-(3.4-di me thoxylbenz y l)-2,3,4-trichloro- a -methylbenzylamine, 
N-(3-phenoxybenzyl). 2 ,3,4-trich]oro- a -methylbenzylamine, 
N-(4-phenoxyb e nzyl)-2,3 ( 4-trichloro- a -methylbenzylamine, 
N-(2- P henylbenzyl).2,3,4-trichloro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,3,4-trichloro- a -methylbenzylamine, 
N-(4-phenylben 2 yl)-2,3,4-trichloro- a -methylbenzylamine. 
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N-(4-methylbenzyl)-2,4-difluoxo- a -methylbenzylamine, 
N'(2,5-dimethylbenzyl)-2 1 4-difluoro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,4-di£luoro- a -methylbenzylamine, 

5 N-(4-isopropylbenzyl)-2,4-difluoro- a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,4-difluoro- a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4-difluoro- a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4~difluoro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzyl)-2,4-difluoro- a -methylbenzylamine, 

1 0 N-(3-phenoxybenzyl)-2,4-difluoro- d -methylbenzylamine, 
N-(4-phenoxybenzyl)-2 > 4-di£luoro- a -methylbenzylamine, 
N-(2-phenylbenzyl)-2,4-di£Luoro- a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,4-difluoro- a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,4-difluoro- a -methylbenzylamine, 

15 

N-(4-methylbenzyl)-2,4-dibromo- a -methylbenzylamine, 
N-(2,5-dimethyIbenzyl)-2 T 4- dibromo - a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2 J 4- dibromo - Ot -methylbenzylamine, 
N-(4-isopropylbenzyi)-2,4- dibromo - a -methylbenzylamine, 

20 N-(2-methoxylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(3,4~dimethoxylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,4- dibromo - a -methylbenzylamine, 

25 N-(4-phenoxybenzyl)-2,4- dibromo - a -methylbenzylamine, 
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N-(2-phenylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,4- dibromo - a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,4~ dibromo - a -methylbenzylamine, 

N-(4-methylbenzyl)-2,4-diiodo- a -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2 > 4- diiodo - a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2.4- diiodo - a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(3,4-dimethaxylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(4- P henoxybenzyl)- 2( 4- diiodo - a -methylbenzylamine, 
N-(2-phenylbenzyl)-2 ! 4- diiodo - a -methylbenzylamine, 
N-(3-phenylbenzyl)-2,4- diiodo - a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,4- diiodo - a -methylbenzylamine, 

N-(4-methylbenzyl)-2,4-dimethyl- a -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(2,4,6-trimethylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(4-iso P ropylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2.4- dimethyl - a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4- dimethyl - a-methylbenzylamine, 
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N-(3,4-dimethoxyibenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(3-phenoxybenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(4-phenoxybenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(2-phenylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
5 N-(3-phenylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 
N-(4-phenylbenzyl)-2,4- dimethyl - a -methylbenzylamine, 

N-(4-methylbenzyl)-2,4-diethyl- ct -methylbenzylamine, 
N-(2,5-dimethylbenzyl)-2,4- diethyl - a -methylbenzylamine, 

10 N-(2,4,6-trimethylbenzyl)-2,4- diethyl - a -methylbenzylamine, 
N-(4-isopropylbenzyl)-2,4- diethyl - a -methylbenzylamine, 
N-(2-methoxylbenzyl)-2,4- diethyl - a -methylbenzylamine, 
N-(4-methoxylbenzyl)-2,4- diethyl - a -methylbenzylamine, 
N-(2-ethoxylbenzyl)-2,4- diethyl - a -methylbenzylamine, 

15 N-(3,4-dimethoxylbenzyl)-2,4- diethyl - a -methylbenzylamine, 
N-(3-phenoxybenzyl>2,4- diethyl - en -methylbenzylamine, 
N-(4-phenoxybenzyl)-2 ; 4- diethyl - a -methylbenzylamine, 
N-(2-phenylbenzyl)-2,4- diethyl - ot -methylbenzylamine, 
N-(3-phenylbenzyl)-2,4- diethyl - a -methylbenzylamine, 

20 N-(4-phenylbenzyl)-2,4- diethyl - a -methylbenzylamine, and salts thereof 
with an inorganic acid such as hydrochloric acid, sulfuric acid, nitric acid or 
the like. 

The optically active amine compound of formula (8) can be, for 
example, obtained by a process, which comprises subjecting the imine 
25 compound of formula (11) to a reduction reaction. 



In the imine compound of formula (11), Xi to X6, R22 and R32 
respectively have the same meanings as defined for the optically active 
amine compound of formula (8) above. 

Specific examples of the imine compound (11) include: 

5 N-(4-methylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(2 > 5-dimethylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(2-methoxylbenzyhdene)-2-cMoro- a -methylbenzylamine, 

10 N-(4-methoxylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyhdene)-2-chloro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2-chloro- a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2-chloro- a -methylbenzylamine, 
N-(4-phenoxybenzylidene)-2-chloro- a -methylbenzylamine, 

1 5 N-(2-phenylbenzyUdene)-2-chloro- a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2-chloro- ct -methylbenzylamine, 
N-(4-phenylbenzylidene)-2-chloro- a -methylbenzylamine, 

N-(4-methylbenzyUdene)-2,3-dichloro- a -methylbenzylamine, 
20 N-(2,5-dimethylbenzylidene)-2,3-dichloro- a -methylbenzylamine, 
N-(2 f 4,6-trimethylbenzylidene)-2,3-dichloro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,3-dichloro- a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,3-dichloro- a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,3-dicaloro- a -methylbenzylamine, 
25 N-(2-ethoxylbenzylidene)-2,3-dichloro- a -methylbenzylamine, 
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N^S^-dimethoxylbenxyliden^^.S-dichloro- a -methylbenzylamine, 
N-(3~phenoxybenzylidene)-2,3-dichloro- a -methylbenzylamine, 
N-(4-phenoxybenzyHdene)-2,3-dichloro- a -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,3-dicMoro- a -methylbenzylamine, 
5 N-(3-phenylbenzykdene)-2,3-dichk)ro- a -methylbenzylamine, 
N-(4-phenylbenzylidene)-2 > 3-dicb?.oro- a -methylbenzylamine, 

N-(4-methylbenzylidene)-2 > 4-dicliLoro- a -methylbenzylamine, 
N-(2,5-dimGtbylbenzylidGne)-2 > 4rdichloro- a -methylbenzylamine, 

1 0 N-(2,4 J 6-trimethylbeazylideue)-2,4-dicbloro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,4-dichJoro- a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4-dicbloro- a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,4-dkhloro- a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2,4-dicKloro- a -methylbenzylamine, 

15 N-(3,4-dimethoxylbert2ylidene)-2,4-dicbloro- a -methylbenzylamine, 
N-(3-pbenoxybGnzylidene)-2,4-dichloro- a -methylbenzylamine, 
N-(4-phenoxybenzylidene)«2,4-dichloro- a -methylbenzylamine, 
N-(2-phenylbenzyhdene)-2,4-dichloro~ a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,4-dichloro- a -methylbenzylamine, 

20 N-(4-phenylbenzyhdene)-2,4-dichloro- a -methylbenzylamine, 



N-(4-methylbenzyHdene)-2,5-dicMoro- a -methylbenzylamine, 
N-(2 > 5-dimethylbenzylidene)-2 f 6-dichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2 r 5-dichloro- a -methylbenzylamine, 
25 N-(4-isopropylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 
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N-(2-methoxylbenzylidene)-2,5-di.chloro- a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzyMene)-2,5-dichloro- a -methylbenzylamine, 
N-(3 T 4-dimethoxylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 
5 N-(3-phenoxybenzyHdene)-2,5-dicHoro- Qf -methylbenzylamine, 
N-(4-phenoxybenzylidene)-2,5-dichloro- a -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 

. i 

N-(3-phenylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 
N-(4*phenylbenzylidene)-2,5-dichloro- a -methylbenzylamine, 

10 

N-(4-methylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(2,6-dimethylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 

15 N-(2-methoxylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,6-dichloro- a -methylbenzylamine, 

20 N-(4-phenoxybenzylidene)-2 > 6-dichloro- Ot -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,6-dichloro- a -methylbenzylamine, 

25 N-(4-methylbenzylidene)-2,4,6-trichloro- a -methylbenzylamine, 
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N-(2,5-dimsthylberi2yUdene)-2,4,6-trichloro- Ct -methylbenzylamine, 
N-(2,4,6-trim€thylbenzylidene)-2,4,6-trichloro- a. -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2 1 4 J 6-trichloro- a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4 J 6-trichloro- a -methylbenzylamine, 

5 N-(4-methoxylbenzylidene)-2,4,6-trichloro- a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)"2 l 4,6-trichloxo- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4,6-trichloro- a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2 > 4,6'trichloro- a -methylbenzylamine, 
N-(4-phenoxybenzyUdene)-2,4,6-trichloro- a -methylbenzylamine, 

10 N-(2-phenylbenzylidene)-2,4,6-trichloro- a -methylbenzylamine, 
N-(3-phenylbenzyhdene)-2,4,6-trichloro- or -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,4,6-trichloro- a -methylbenzylamine, 



N-(4-methylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 
15 N-(2,5-dimethylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2,3 1 4-trichloro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,3,4-trichloro- ct -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,3 l 4-trichloro- a -methylbenzylamine, 
20 N-(2~ethoxylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 

N-(3,4-dimethoxylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2 > 3,4-trichioro- a -methylbenzylamine, 
N-(4-phenoxybenzyhdene)-2,3,4-trichloro- a -methylbenzylamine, 
N-(2-phenylbenzyUdene)-2,3,4-trichloro- a -methylbenzylamine, 
25 N-(3-phenylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 



N-(4-phenylbenzylidene)-2,3,4-trichloro- a -methylbenzylamine, 

N-(4-methylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(2,5-dimethylbenzylidene)-2,4-difiuoro- a -methylbenzylamine, 
N-(2,4,6-triraethylbenzylidene)-2,4-difltioro- a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(2-methoxylbenzyhdene)-2,4-difluoro- a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(4-phenoxybenzyUdene)-2,4-difluoro- a -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,4-ch£iuoro- a -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,4-difluoro- a -methylbenzylamine, 

N-(4-methylbenzylidene)-2,4-dibromo- a -methylbenzylamine, 
N-(2,5-dimethylbenzylidene)-2,4- dibromo - ct -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,4- dibromo - Q -methylbenzylamine, 
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N-(4-phenoxybenzylidene)-2,4- dibromo - o. -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,4- dibromo - a -methylben2ylaroine, 
N-(4-phenylbenzylidene)-2,4- dibromo - a -methylbenzylamine, 

N-(4rmethylbenzylidene)-2,4-diiodo- a -methylbenzylamine, 
N-(2,5-dimethylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4- diiodo - ct -methylbenzylamine, 
N-(4-rnethoxylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2 l 4- diiodo - a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(4-phenoxybenzylidene)-2,4- diiodo - a -methylbenzylaonine, 
N-(2-phenylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,4- diiodo - a -methylbenzylamine, 

N-(4-methylbenzyhdene)-2,4-dimethyl- a -methylbenzylamine, 
N-(2,5-dimethylbenzylidene)-2,4- dimethyl - a. -methylbenzylamine, 
N-(2,4,6-trimethylbenzylidene)-2 > 4- dimethyl - a -methylbenzylamine, 
N-(4-isopropylbenzylidene)-2,4- dimethyl - ot -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2 f 4- dimethyl - a -methylbenzylamine, 
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N-(2-ethoxylbenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-(4-phenoxybenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,4- dimethyl - a -methylbenzylamine, 
N-CS-phenylbenzylidene)^^- dimethyl - ct -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,4- dimethyl - a -methylbenzylamine, 

N-(4-methylbenzyHdene)-2,4-diethyl- a -methylbenzylamine, 
N-(2,5-dimethylbenzylidene)-2 > 4- diethyl - a -methylbenzylamine, 
N-(2,4,6~trimethylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(4~isopropylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(2-methoxylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(4-methoxylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(2-ethoxylbenzylidene)-2,4- diethyl - Ot -methylbenzylamine, 
N-(3,4-dimethoxylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(3-phenoxybenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(4-phenoxybenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(2-phenylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(3-phenylbenzylidene)-2,4- diethyl - a -methylbenzylamine, 
N-(4-phenylbenzylidene)-2,4- diethyl - Q -methylbenzylamine, and the like. 

The reduction reaction of the imine compound (11) is usually 
conducted by a process which comprises reacting the imine compound (11) 
with a reducing agent such as a metal hydride or the like, alternatively with 
hydrogen in the presence of a catalyst. 
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Examples of the metal hydride include lithium aluminum hydride, 
sodium borohydxide and borane and the like. Borane includes diborane, 
borane-THF, a borane-sulfide complex, a borane-amine complex and the 
like. 

5 The amount of the reducing agent to be used is usually within the 

range of approximately from 0.25 to 5 moles, preferably approximately from 
0.25 to 2 moles per mol of the imine compound (11) in the case where lithium 
alminum hydride or sodium borohydride is used. 

When borane is used, the amount of borane to be used, on a borone 

10 basis, is usually within the range of approximately from 0.3 to 5 moles, 

preferably approximately from 0.3 to 3 moles per mol of the imine compound 
(11). 

The reduction reaction is usually conducted in an inert solvent. 
Examples of the inert solvents include those as specified for the reduction 
15 reaction of the imine compound of formula (7) above. 

When sodium borohydride is used as a reducing agent, a lower 
alcohol such as methanol, ethanol, isopropyl alcohol or the like can be used 
as well as the aforementioned solvents. The solvent may be used alone or as 
a mixture thereof. The amount of the solvent to be used is not particularly 
20 limited. 

The reaction is usually conducted within a temperature range of 
approximately of from -50°C to 100°C, preferably from -20°C to 100°C. 

After completion of the reaction, the optically active amine 
compound (8) is usually obtained, for example, by treating the resulting 
25 reaction mixture with water, acetic acid or a mineral acid, and then being 
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made alkaline, foDowed by extraction with a hydrophobic organic solvent, 
phase separation of the organic phase and concentration thereof under a 
neutral or weakly basic condition. The product may be further purified by 
recrystallization, and/or column chromatography using silica gel, etc., if 
5 necessary. 

Examples of the catalyst to be used for the reduction with hydrogen 
include Raney nickel, palladium-carbon, platinum dioxide, platinum black 
and the like. ' 

The amount of such a catalyst to be used is usually from 0.1 to 100% 
10 by weight, preferably from 0.5 to 50% by weight per 1 part by weight of the 
imine compound (11)- 

The hydrogenation reaction in the presence of a catalyst is usually 
conducted in an inert solvent. Examples of the solvent include those as 
specified for the reduction reaction of the imine compound of formula (7) 
1 5 above. The amount of the solvent to be used is not particularly limited. 
The hydrogenation is usually conducted within the range of 
approximately from -30°C to 150°C, preferably from -10°C to 100°C. 

The hydrogenation is usually conducted at a pressure of 
approximately from 0 to 10 MPa (0 to 100 kg/cm 2 ), preferably approximately 
20 from 0 to 5 MPa (0 to 50 kg/cm 2 ). 

After completion of the reaction, the optically active amine 
compound (8) can be obtained, for example, by removing the catalyst by 
filtration, followed by concentrating the filtrate. The desired product may 
be further purified by recrystallization and/or column chromatography using 
25 silica gel, if necessary. 
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Then imine compound of formula (11) can be obtained, for example, 
by a process which comprises reacting the aldehyde compound of formula 
(10) with an optically active amine compound of formula (9). 

Examples of the aldehyde compound of formula (10) include 
5 4-methylbenzaldehyde, 2,5-dimethylbenzaldehyde, 

2,4,6-trimetiiylbenzaldehyde, 4-isopropylbenzaldehyde, 

2- methoxybenzaldehyde, 4-methoxybenzaldehyde, 2-ethoxybenzaldehyde, 
3,4-dimethoxybenzaldehyde, 5-fluoro-2-methoxybenzaldehyde T 

3- phenoxybenzaldehyde, 4-phenoxybenzaldehyde, 2-phenylbenzaldehyde, 
10 3-phenylbenzaldehyde, 4-phenylbenzaldehyde, and the like. These 

aldehydes axe commercially available or may be obtained by a similar 
manner as disclosed in references such as Houben-Weyl, Methoden der 
Organischen Chemie, Georg-Thieme-Verlag, Stuttgart and the like. 

Examples of the optically active amine compound of formula (9) 
1 5 include 2,4-dichloro- a -methylbenzylamine and the like. 

The optically active amine (9) is usually reacted with the 
benzaldehyde of formula (10) in a solvent. Examples of the solvent include 
those specified above for the reaction of the optically active amine compound 
of formula (5) with the benzyloxybenzaldehyde (6). 
20 The optically active amine (9) are commercially available or can be 

obtained by a similar manner as disclosed in references such as Houben- 
Weyl, Methoden der Organischen Chemie, Georg-Thieme-Verlag, Stuttgart 
and the like. 

The amount of the benzaldehyde (10) is usually 1 to 1.2 moles per 
25 mole of the optically active amine (9). 
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The reaction, is usually conducted within the range of from 0°C to 
200°C, preferably from 0°C to 150°C. 

Although the obtained inline compound (11) can be isolated, for 
example, by evaporation and the like, it may be used, as it is, in the 
5 subsequent reaction without being isolated. 

EXAMPLES 

The present invention will be explained by the following examples, 
but it is not to be construed to limit the present invention thereto. 
10 In the following examples, optical purities were determined by high 

performance liquid chromatography. 



Example 1 

In 2.96 g of t-butyl methyl ether, 148 mg (0.94 mmol) of racemic 
)5 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid was dissolved at 55°C. To 
this solution was added, at that temperature, a solution prepared by 
dissolving in advance 136 mg (0.45 mmol) of (S)-N-benzyl-l-phenyl-2-(p- 
tolyl)ethylamine in 2.96 g of t-butyl methyl ether, and then stirred to mix. 
After ascertaining the precipitation of crystals, the mixture was 
20 cooled gradually to 20°C over 3 hours with stirring. 

The crystals formed were collected by filtration, washed with 2.96 g 
of t-butyl methyl ether and then dried to yield 87 mg of (S)-N-benzyl-l- 
phenyl-2-(p-tolyl)ethylamine salt of (K)-3,3 ; 3-trifluoro-2-hydroxy-2- 
methylpropionic acid with an optical purity of 95% ee. Melting point: 163 
25 to 164°C; Specific rotation [a]o 25 =+62° (c=0.55, methanol) 

45 



Example 2 

In 0.79 g of acetone, 148 mg (0.93 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methylpropionic acid was dissolved at 20°C. To this solution 
5 was added, at that temperature, a solution prepared by dissolving in 

advance 135 mg (0.45 mmol) of (S)-N-benzyl-l-phenyl-2-(p-tolyl)ethylamine 
in 0.79 g of acetone, and then stirred to mix. 

The Solution after mixing was left standing at 20°C for 18 hours to 
precipitate crystals. 

10 The crystals formed were collected by filtration, washed with 0.79 g 

of acetone and then dried to yield 17 mg of (S)-N-benzyl-l-phenyl-2-(p- 
tolyl)etbylamine salt of (R)-3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
with an optical purity of 99% ee. 

15 Example 3 

In 0.78 g of acetonitrile, 147 mg (0.93 mmol) of racemic 3,3,3- 
trifluoro-2-hydroxy-2--methylpropionic acid was dissolved at 20°C. To this 
solution was added, at that temperature, a solution prepared by dissolving 
in advance 135 mg (0.45 mmol) of (S)-N-benzyl-l-phenyl-2-(p- 
20 tolyl)ethylamine in 0.78 g of acetonitrile, and then stirred to mix. 

The solution after mixing was left; standing at 20°C for 18 hours to 
precipitate crystals. 

The crystals formed were collected by filtration, washed with 1.56 g 
of acetonitrile and then dried to yield 50 mg of (S)-N-benzyl-l-phenyl-2-(p- 
25 tolyl)ethylamine salt of (R)-3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
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with an optical purity of 96% ee. 
Example 4 

In 2.96 g of t-butyl methyl ether, 157 rag (1.00 mmol) of racemic 
5 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid was dissolved at 55°C. To 
this solution was added, at that temperature, a solution prepared by 
dissolving in advance 152 mg (1.00 mmol) of (lR,2S)-(-)-norephedrine in 2.96 
g of t-butyl methyl ether, and then stirred to mix. 

After ascertaining the precipitation of crystals, the mixture was 
10 cooled gradually to 20° C over 3 hours with stirring. The crystals formed 
were collected by filtration, washed with 1.48 g of t-butyl methyl ether and 
then dried to yield 77 mg of (lR,2S)-(-)-norephedrine salt of (S)-3,3,3- 
trifluoro-2-hydroxy-2-methylpropionic acid with an optical purity of 78% ee. 
Melting point: 149 to 150°C; Specific rotation [a] D 26 — 33° (c=0.37, 
1 5 methanol) 

Example 5 

In a mixed solvent of 0.17 g of n-butanol and 0.87 g of toluene, 149 
mg (0.94 mmol) of racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
20 was dissolved at 50°C. To this solution was added, at that temperature, a 
solution prepared by dissolving in advance 148 mg (0.98 mmol) of (1R,2S)- 
(-)-norephedrine in a mixed solvent of 0.17 g of n-butanol and 0.87 g of 
toluene, and then stirred to mix. 

After ascertaining the precipitation of crystals, the mixture was 
25 cooled gradually to 20°C over 3 hours with stirring. 
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The crystals formed were collected by filtration, washed with a 
mixed solvent of 0.35 g of n-butanol and 1.73 g of toluene and then dried to 
yield 78 mg of (lR,2S)-(0-norephedrine salt of (S)-3,3,3^trifluoro-2.hydroxy- 
2-methylpropionic acid with an optical purity of 84% ee. 

Example 6 

In 1.48 g of t-butyl methyl ether, 159 mg (1.01 mmol) of racemic 
3,3, 3-trifluor 1 o-2-hydroxy-2-methylprop ionic acid was dissolved at 45°C. To 
this solution was added, at that temperature, a solution prepared by 
dissolving in advance 172 mg (0.54 mmol) of (S)-N-(3-benzyloxybenzyl)-a- 
methylbenzylamine in 1.48 g of t-butyl methyl ether, and then stirred to mix. 
After ascertaining the precipitation of crystals, the mixture was cooled 
gradually to 35°C over 0.5 hour with stirring. 

The crystals formed were collected by filtration, washed with 2.96 g 
of t-butyl methyl ether and then dried to yield 61 mg of (S)-N-(3- 
benzyloxybenzyl)-a-methylbenzylamine salt of (R)-3,3,3-trifLuoro-2-hydjoxy- 
2-methylpropionic acid with an optical purity of 95% ee. Melting point: 
131 to 132°C; Specific rotation [a] D 2S =~5.8 0 (c=0.59, methanol) 

Example 7 

In 4.77 g of 2-propanol, 4.77 g (15.8 mmol) of (S)-N-benzyl-l -phenyl- 
2~(p-tolyl) ethylamine was dissolved at 50°C. To this solution was added, 
at that temperature, a solution prepared by dissolving in advance 5.04 g 
(31.9 mmol) of racemic 3,3,3-trinuoro-2-hydroxy-2-methylpropionic acid in 
10.1 g of t-butyl methyl ether, and then stirred to mix. 
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After ascertaining the precipitation of crystals, the mixture was 
cooled gradually to 0°C over 3 hours with stirring, and thereafter held at 
that temperature for 2 hours. 

The crystals formed were collected by filtration, washed with 35 g of 
5 0°C t-butyl methyl ether and then dried to yield 5.57 g of (S)-N-benzyl-l- 
phenyl-2-(p-tolyl)ethylamine salt of (R)-3,3,3-trifluoro-2-hydroxy-2- 
methylpropionic acid with an optical purity of 91% ee. 

Example 8 

10 In 29.1 g of toluene, 4.77 g (15.8 mmol) of (S)-N-benzyl-l-phenyl-2- 

(p-tolyl) ethylamine was dissolved at 60°C. To this solution was added, at 
that temperature, a solution prepared by dissolving in advance 5.04 g (31.9 
mmol) of racemic 3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid in 10.1 g 
of t-butyl methyl ether, and then stirred to mix. 

1 5 After cooling to room temperature, a seed crystal was inoculated. 

After ascertaining the precipitation of crystals, the mixture was stirred 
overnight at room temperature, and subsequently cooled gradually to 0°C 
over 2 hours with stirring. 

The crystals formed w^ere collected by filtration, washed with 13 g of 

20 0°C toluene and then dried to yield 4.12 g of (S)-N-benzyl-l-phenyl-2-(p- 

tolyl)ethylamine salt of (R)-3,3,3-trifl.uoro-2-hydroxy-2-methylpropionic acid 
with an optical purity of 94% ee. 

Example 9 

25 In 5.0 g of toluene, 0.48 g (1.04 mmol) of the (S)-N-benzyM-phenyi- 
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2-(p-tolyl)Gthylamine salt of (^-S^^-trifluoro^-hydroxy^-mGthylpropionic 
acid with an optical purity of 91% ee which was obtained in Example 7 was 
dissolved at 60°C, and then cooled gradually to 20°C with stirring. 

The crystals formed were collected by filtration, washed with 2.0 g of 
5 toluene and then dried to yield 0.42 g of (S)-N-benzyl-l-phenyl-2-(p- 

tolyl)ethylamine salt of (R)-3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
with an optical purity of 99% ee. 

i 

Example 10 

1 0 In ethanol, 4.90 g (10.7 nimol) of the (S)-N-benzyM-phenyl-2-(p- 

tolyl)ethylamine salt of (R)-3,3,3-trifluoro-2-hydroxy-2-methylpropionic acid 
with an optical purity of 91% ee which was obtained in Example 7 was 
dissolved at 60°C, and then cooled gradually to 0°C with stirring. 

The crystals formed were collected by filtration, washed with 

15 ethanol and then dried to yield 3.80 g of (S)-N-benzyl-l-phenyl-2-(p- 

tolyl)ethylamine salt of (R)-3,3,3-trifluorO'2-hydroxy-2-methylpropionic acid 
with an optical purity of 98% ee. 

Example 11 

20 In 10.3 g of methanol, 3,50 g (7.62 mmol) of the (S)-N-benzyl-l- 

phenyl-2-(p-tolyl)ethylamine salt of (R)-3,3,3-trinuoro-2-hydroxy-2- 
methylprop ionic acid with an optical purity of 94% ee which was obtained in 
Example 8 was dissolved at 60°C, inoculated at 5°C, and then cooled 
gradually to 0°C over 5 hours with stirring. 

25 The crystals formed were collected by filtration, washed with 7.4 g of 
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0°C methanol and then dried to yield 2.81 g of (S)-N-benzy\-l-phenyl-2-(p- 
tolyl)ethylamine salt of (R)-3,3,3-tri£luoro-2-hydroxy-2-metliylpropionic acid 
with an optical purity of >99% ee. 

5 Example 12 

To 22 mg (0.05 mmol) of the salt obtained in Example 1, 2 ml of a 2N 
aqueous sodium hydroxide solution and 5 ml of t-butyl methyl ether were 
added and tlie salt was completely dissolved. The aqueous layer was then 
isolated. 

10 Subsequently, to the isolated aqueous layer, 5 ml of a 2N 

hydrochloric acid solution and 5 ml of t-butyl methyl ether were added and 
stirred, followed by isolating the t-butyl methyl ether layer. The isolated 
t-butyl methyl ether solution was concentrated under reduced pressure to 
remove the solvent so as to precipitate a solid. The precipitated solid was 

15 washed with 0.5 ml of n-hexane, isolated by filtration and then dried to yield 
7 mg of (R)- 3»3,3-trifluoro-2-hydroxy-2-methylpropionic acid with an optical 
purity of 95% ee. 

Example 13 

20 A solution of 151 mg (0.96mmol) of racemic 3,3,3-trifluoro-2- 

hydroxy-2-methylpropionic acid in 0.74 g of t-butyl methyl ether was added 
at 25°C to a solution of 189 mg (0.53 mmol) of (R)-N-(4-phenylbenzyl)-2,4- 
dichlorobenzylamine in 0.74 g of t-butyl methyl ether, and the resulting 
solution was mixed under stirring. Dry nitrogen gas was blown onto the 

25 surface of the solution to concentrate the solution so as to precipitate 
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crystals. The precipitated crystals were washed with 0.74 g of t-butyl methyl 
ether and the crystals were collected by filtration and the collected crystals 
were washed with 0.74 g of t-butyl methyl ether and dried to yield 166 mg of 
(R)-N-(4-phenylbenzyl) -2,4-dichloro-a-methylbenzylamine salt of (S)-3.3,3- 
5 trifluoro-2-hydroxy-2-methylpropioiiic acid with an optical purity of 86% ee. 

Example 14 

A solution of 166 mg (1.05 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methylpropionic acid in 0.74 g of t-butyl methyl ether was added 

10 at 25°C to a solution of 205 mg (0.54 mmol) of (S)-N-(4-phenylbenzyl)-l- 
phenyl-2-(p-tolyl)ethyl amine in 0.74 g of t-butyl methyl ether, and the 
resulting solution was mixed under stirring. The solution was left standing 
at the same temperature for 1 day to precipitate crystals. The precipitated 
crystals were washed with 0.74 g of t-butyl methyl ether and the crystals 

15 were collected by filtration and the collected crystals were washed with 0.74 
g of t-butyl methyl ether and dried to yield 203 mg of (S)-N-(4-phenylbenzyl) 
-l-phenyl-2-(p-tolyl)ethylamine salt of (R)-3,3,3-trifluQro-2-hydroxy-2~ 
methylpropionic acid with an optical purity of 72% ee. 
Melting point: 168 to 170°C; Specific rotation [a]D 25 =+46 3 (c=0.80, 

20 methanol) 

Example 15 

A solution of 154 mg (0.97 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy^2-methylpropionic acid in 0.74 g of t-butyl methyl ether was added 
25 at 25°C to a solution of 195 mg (0.50 mmol) of (R)-N-(3-benzyloxybenzyl)- 
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2,4-dichloro- a -methylbenzylamine in 0.74 g of t-butyl methyl ether, and the 
resulting solution was mixed under stirring. The solution was left standing 
at 5°C for 1 day to precipitate crystals. The precipitated crystals were 
washed with 0.74 g of t-butyl methyl ether and dried to yield 216 mg of (R> 
5 N-(3-benzyloxybenzyl) -2,4-dichloro- a - me thylbenzyl amine salt of (S)-3,3,3- 
trifluoro-2-rrydroxy-2-methylpropionic acid with an optical purity of 61% ee. 

Example 16 ' 

A solution of 164 mg (1.04 mmol) of racemic 3,3,3-tri£Luoro-2- 
10 hydroxy- 2-methylpropionic acid dissolved in 0.78 g of acetonitrile at 55°C 
was added at the same temperature to a solution of 157 mg (0.56 mmol) of 
(R)-N-benzyl-2,4-dichloro- a -methylbenzylamine dissolved in 0.78 g of 
acetonitrile at 55°C, and the resulting solution was mixed under stirring. 
The solution was inoculated at 40° C and cooled to 25°C under stirring over 3 
IS hours. The precipitated crystals were washed with 0.78 g of acetonitrile 
and dried to yield 65 mg of (R^N-benzyl^^-dichloro- a -methylbenzylamine 
salt of (S)-3 f 3,3-txifluoro-2-hydroxy-2-methylpropionic acid with an optical 
purity of 98% ee. 

20 Example 17 

A solution of 163 mg (1.03 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methylpropionic acid dissolved in 0.89 g of ethyl acetate at 55°C 
was added at the same temperature to a solution of 160 mg (0.57 mmol) of 
(R)-N-benzyl-2,4-dichloro- a -methylbenzylamine dissolved in 0.89 g of ethyl 

25 acetate at 55°C, and the resulting solution was mixed under stirring. The 
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solution was inoculated at 10°C. After confirming precipitation, stirring was 
continued for 16 houx9 at 10 °C. The precipitated crystals were collected by 
filtration and washed with 0.89 g of ethyl acetate to yield 42 rag of (R)-N- 
benzyl-2,4-dichloro- a-methylbenzylamine salt of (S)-3,3,3-trifluoro-2- 
5 hydroxy-2-methylprop ionic acid with an optical purity of >99% ee. 

Example 18 

A solution of 159 rag (1.00 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methylpropionic acid dissolved in a mixed solvent of 0.50 g of 

10 water and 0.40 g of 2-propanol at 55°C was added at the 3ame temperature 
to a solution of 159 mg (0.57 mmol) of (R)-N-benzyl-2,4-dichloro- a- 
methylbenzylamine dissolved in a mixed solvent of 0.50 g of water and 0.40 
g of 2-propanol at 55°C, and the resulting solution was mixed under stining. 
The solution was inoculated at 40° G and cooled to 25 3 C under stirring over 3 

15 hours. The precipitated crystals were collected by filtration and washed with 
a mixed solution of 0.50 g of water and 0.40 g of 2-propanol and dried to 
yield 109 mg of (R)-N-benzyl-2,4-dichloro- a-methylbenzylamine salt of (S)- 
3,3,3-trifluoro-2-hydxoxy-2-methyIpropionic acid with an optical purity of 
97% ee. 

20 Melting point: 152 to 154 Q C; Specific rotation [ct]D 2& =-24 0 (c=0.62, 
methanol) 

Example 19 

A solution of 164 mg (1.04 mmol) of racemic 3,3,3-trifluoro-2- 
25 hydroxy-2-methylpropionic acid dissolved in 2.22 g of t-butyl methyl ether at 
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55°C was added at 55°C to a solution of ISO mg (0.51 mmol) of (R)-N-(4- 
phenylbenzyl)-2,4-dichloro- a-methylbenzylamme in 2.22 g of t-butyl methyl 
ether, and the resulting solution was mixed under stirring. The solution 
was inoculated at 55°C and then cooled to 25°C under stirring over 1 hour. 
5 The precipitated crystals were collected by filtration and the collected 

crystals were washed with 0.74 g of t-butyl methyl ether and dried to yield 
144 mg of (R)-N-(4-phenylbenzyl)-2,4-dichloro- a -methylbenzylamine salt of 
(S)-3,3,3-trifluoro-2-hydroxy-2-methylpropiorjic acid with an optical purity of 
97% ee. 

10 

Example 20 

A solution of 163 mg (1.03 mmol) of racemic 3,3 ? 3-trifluoro-2- 
hydroxy-2-methylpropionic acid dissolved in 0.78 g of acetonitorile at 55°C 
was added at 55°C to a solution of 184 mg (0.52 mmol) of (R)-N-(4- 

1 5 phenylbenzyl)-2,4-dichloro- a -methylbenzylamine in 0.78 g of acetonitorile 
and the resulting solution was mixed under stirring. The solution was 
inoculated at 55°C and then cooled to 25°C under stirring over 1 hour. The 
precipitated crystals were collected by filtration and the collected crystals 
were washed with 0.78 g of acetonitorile and dried to yield 149 mg of (R)-N- 

20 (4-phenylbenzyl)-2,4-dichloro- a -methylbenzylamine salt of (S)-3,3,3- 

trifluoro-2-hydroxy-2-methylpropionic acid with an optical purity of 97% ee. 

Example 21 

A solution of 161 mg (1.02 mmol) of racemic 3,3,3-trifluoro-2- 
25 hydxoxy-2-methyipropionic acid dissolved in 0.86 g of toluene at 55°C was 
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added at 55°C to a solution of 189 mg (0.53 minol) of (R)-N-(4- 
phenylbenzyl)-2,4-dichloro- a -methylbenzylamine in 0.86 g of toluene and 
the resulting solution was mixed under stirring. The solution was 
inoculated at 40°C and then cooled to 25°C under stirring over 0.5 hour. The 
5 precipitated crystals were collected by filtration and the collected crystals 
were washed with 0.86 g of toluene and dried to yield 59 mg of (R)-N-(4- 
phenylben2yl)-2,4-dichloro- a -methylbenzylamine salt of (S)-3,3,3-trifluoro- 
2-hydroxy-2-inethylpropionic acid with an optical purity of 99% ee. 

Example 22 

A solution of 165 mg (1.04 mmol) of racemic 3,3,3-trifLuoro-2- 
hydroxy-2-rnethylpropionic acid dissolved in 0.78 g of acetone at 55°C was 
added at 55°C to a solution of 177 mg (0.49 mmol) of (R)-N-(4- 
phenylbenzyl)-2,4-dichloro- a -methylbenzylamine in 0.78 g of acetone and 
the resulting solution was mixed under stirring. The solution was 
inoculated at 40°C and then cooled to 25°C under stirring over 0.5 hour. The 
precipitated crystals were collected by filtration and the collected crystals 
were washed with 0.78 g of acetone and dried to yield 88 mg of (R)-N-(4- 
phenylbenzyl)-2,4-dichloro- a -methylbenzylamine salt of (S)-3 f 3,3-trifluoro- 
2-hydroxy-2-methylpropionic acid with an optical purity of 99% ee or more. 

Example 23 

A solution of 166 mg (1.05 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methylpropionic acid dissolved in 0.89 g of ethyl acetate at 55°C 
25 was added at 55°C to a solution of 190 mg (0.53 mmol) of (R)-N-(4- 
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phenylbenzyl)-2,4-dichloro- a -methylben2ylamine in 0.89 g of ethyl acetate 
and the resulting solution was mixed under stirring. The solution was 
inoculated at 55°C and then cooled to 25°C under stirring over 1 hour. The 
precipitated crystals were collected by filtration and the collected crystals 
5 were washed with 0.89 g of ethyl acetate and dried to yield 116 mg of (R)-N- 
(^phenylbenzy^^^-dichloro- a -methylbenzylamine salt of (S)-3,3,3- 
trifluoro-2-hydroxy-2-methylpropionic acid with an optical purity of 99% ee. 

i 

Example 24 

10 A solution of 172 mg (1.09 mmol) of racemic 3.3,3-trifluoro-2- 

hydroxy-2-methylpropionic acid dissolved in 2.22 g of t-butyl methyl ether at 
55°C was added at 55°C to a solution of 192 mg (0.50 mmol) of (R)-N-(3- 
benzyloxybenzy^^^dichloro-a-methylbenzylamine in 2.22 g of t-butyl 
methyl ether and the resulting solution was mixed under stirring. The 

15 solution was inoculated at 55°C and then cooled to 25°C under stirring over 
1 hour. The precipitated crystals were collected by filtration and the 
collected crystals were washed with 0.74 g of t-butyl methyl ether and dried 
to yield 201 mg of (^-N^S-benzyloxybenzy^^^-dichloro- a - 
methylbenzylamine salt of (S)-3,3,3-trifluoro-2^hydroxy-2-methylpropionic 

20 acid with an optical purity of 97% ee. 



Example 25 

A solution of 165 mg (1.05 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy-2-methy]propionic acid dissolved in 0.78 g of acetonitorile at 55°C 
25 was added at 55°C to a solution of 194 mg (0.50 mmol) of (R)-N-(3- 

57 



benzyloxybenzyl)-2,4-dichloro- a -methylbenzylamine in 0.78 g of in 
acetonitrile and the resulting solution was mixed under stirring. The 
solution was inoculated at 25°C to precipitate. Then, the precipitated 
crystals were collected by nitration and the collected crystals were washed 
5 with 0.78 g of acetonitorile and dried to yield 77 mg of (R)-N-(3- 

benzyloxybenzyl)-2,4-dichloro- a -methylbenzylamine salt of (S)-3,3,3- 
trifluoro-2-hydroxy-2-methylpropionic acid with an optical purity of 99% ee. 

Example 26 

10 A solution of 2.46 g (15.56 mmol) of racemic 3,3,3-trifluoro-2- 

hydroxy-2-methylpropionic acid dissolved in a mixed solvent of 20.82 gof 
water and 16.65 g of 2-propanol at 55°C was added at 55°C to a solution of 
2.80 g (7.85 mmol) of CR)-N-(4-phenylbenzyl)-2,4-dichloro- a - 
methylbenzylamine in a mixed solvent of 20.78 g of water and 16.62 g of 2- 

1 5 propanol and the resulting solution was mixed under stirring. The solution 
was inoculated at 55°C and then cooled to 25°C under stirring over 1.5 hours 
and kept at the temperature for 2 hours. The precipitated crystals were 
collected by filtration and the collected crystals were washed with a mixed 
solvent of 2.50 g of water and 2.00 g of 2-propanol and dried to yield 2.75 g of 

20 (R)-N-(4-phenylben2yl)-2 > 4-dichloro- a -methylbenzylamine salt of (S)-3,3,3- 
trifluoro-2-hydroxy'2-methylpropionic acid with an optical purity of 97% ee. 
Melting point: 168 to 170 d C; Specific rotation [a]D25=-18° (c=0.88, 
methanol) 

25 Example 27 
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A solution of 2.50 g (15.79 mmol) of racemic 3,3,3-trifluoro-2- 
hydroxy~2-methylpropionic acid dissolved in a mixed solvent of 9.63 g of 
water and 7.72 g of 2-propanol at 55°C was added at 55°C to a solution of 
2.12 g (5.48 mmol) of (R)-N-(3-benzyloxybenzyl)-2,4-fochloro- a - 

5 methylbenzylamine in a mixed solvent of 9.74 g of water and 7.78 g of 2- 
propanol and the resulting solution was mixed under stirring. The solution 
was inoculated at 55°C and then cooled to 25°C under stirring over 1.5 hours 
and kept at ihe temperature for 1 day. The precipitated crystals were 
collected by filtration and the collected crystals were washed with a mixed 

10 solvent of 2.50 g of water and 2.00 g of 2-propanol and dried to yield 2.38 g of 
(R)'N-(3-ben2yloxyben2yl)-2,4-dichloro- a -methylbenzylamine salt of (S)- 
3,3,3-tri£luoro-2-hydroxy'2'methylpropionic acid with an optical purity of 
98% ee. 

Melting point: 142 to 144°C; Specific rotation [a]D25=-16° (c=0.80, 
15 methanol) 

Example 28 

In 600 ml of ethanol, 27.19 g (0.224 mol) of (S)-a-methylbenzylamine 
and 50.00 g (0.236 mol) of 3-benzyloxybenzaldehyde were stirred at room 
20 temperature for 8 hours. After ascertaining the disappearance of the 
amine, 8.15 g (0.215 mol) of sodium borohydride was added at room 
temperature and stirred at 30°C to 35°C for 8 hours. 

After the reaction, 185.00 g of 10% hydrochloric acid was added at 
room temperature. The resulting mixture was then concentrated under 
25 reduced pressure. The residue was dissolved in 700 ml of water and 

59 



washes with 500 ml of diethyl ether. 

The resulting aqueous layer was adjusted to pH>10 with a 20% 
aqueous sodium hydroxide solution and extracted with 500 ml of toluene, 
which was then washed with 250 ml of water and concentrated under 
5 reduced pressure to yield 54.71 g (0.172 mol) of (S)-N-(3-benzyloxybenzyl)- 
a-metbylbenzylamine. (Yield: 77.4%; Purity: 99.5%) 
NMR spectrum data ( 6 ppm, CDCI3) 

• i 

1.34 (d) 2H; 1.54 (s) 1H; 3.61 (q) 2H; 3.79 (q) 1H; 5.06 (s) 2H; 6.83-7.46 (m) 
14H. 

10 

Example 29 

Following the procedure of Example 28 except for using 4- 
benzyloxybenzaldehyde in place of 3-benzyloxybenzaldehyde, operations 
were conducted. 

15 (S)- N-(4-benzyloxyben2yl)-a-methylbenzylamine was obtained in an 

amount of 57.3 g (0.181 mol). (Yield: 80.4%; Purity: 99.3%) 
NMR spectrum data ( 6 ppm, CDCla) 

1.34 (d) 2H; 1.48 (3) 1H; 3.56 (q) 2H; 3.78 (q) 1H; 6.05 (s) 2H; 6.90-7.45 (m) 
14H. 

20 

Example 30 

7.48 g (0.0394 mol) of (R)-2,4-dichloro-a^methylbenzylamine and 
10.03 g (0.0473 mol) of 3-benzyloxybenzaldehyde were mixed in a mixed 
solvent of 50 ml of t-butyl methyl ether and 10 ml of methanol under stirring 
25 at room temperature for 8 hours. After ascertaining the disappearance of 
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the amine, 20 ml of methanol was added thereto and 2.63 g (0.0695 mol) of 
sodium borohydride was added at room temperature and stirred at that 
temperature for 13 hours. 

After the reaction, 13 ml of 36% hydrochloric acid and 10 ml of water 

5 were added at room temperature. The resulting mixture was then 

concentrated under reduced pressure. The liquid residue was dissolved in 
25 ml of t-butyl methyl ether under stirring and then left standing to 
precipitate, which was removed by filtration. To the obtained filtrate was 
made alkaline by adding a solution of 21.35 g of sodium hydroxide dissolved 

10 in 200 ml of water and the resulting solution was subjected to extraction 
with 500 ml of t-butyl methyl ether. The extract wai3 evaporated to yield 
14.51 g (0.0376 mol) of crude (^-N^S-benzyloxybenzy^^^-dichloro- a - 
methylbenzylamine. (Yield:95.5%, Purity 80.8 %) 

To 14.51 g (0.0376 mol) of crude (R)-N~(3-benzyloxybenzyl)-2,4- 

1 5 dichloro- a -mQthyLben2ylamine obtained were added 4 ml of 36% 

hydrochloric acid and 30 ml of t-butyl methyl ether, the resulting solution 
was left standing at room temperature for 2 days to precipitate. The 
precipitated crystals were separated by filtration and washed with 25 ml of 
t-butyl methyl ether. Then the crystals were contacted with an alkaline 

20 solution of 1.84 g of sodium hydroxide in 50 ml of water, and extracted with 
300 ml of t-butyl methyl ether under alkaline condition. The extract was 
evaporated under reduced pressure to yield 5.62 g (0.0145 mol) of purified 
(R>N-(3-benzyloxybenzyl)-2,4-dichloro- a -methylbenzylamine. (Yield: 
37.0 %, Purity 99.8 %) 

25 NMR spectrum data (6 ppm, CDCla) 
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1.30 (d) 3H; 1.57 (s) 1H; 3.57 (d) 2H; 4.27 (q) 1H; 5.05 (s) 2H; 7.20*7.58 (m) 
12H. 



Example 31 

5 7.34 g (0.0386 mol) of (R)-2,4-dicUoro-a-methylbenzylamine and 

9.73 g (0.0458 mol) of 4-benzyloxybenzaldehyde were mixed in a mixed 
solvent of 50 ml of t-butyl methyl ether and 20 ml of methanol and stirred at 
room temperature for 9 hours. After ascertaining the disappearance of the 
amine, 1.75 g (0.0463 mol) of sodium borohydride was added thereto at room 

10 temperature and stirred at that temperature for 5 hours. 

After the reaction. 13 ml of 36% hydrochloric acid and 30 ml of water 
were added at room temperature. Precipitated crystals were collected by 
filtration and washed with 25 ml of t-butyl methyl ether. Then the crystals 
were mixed with alkaline solution containing 2.93 g of sodium hydroxide in 

15 100 ml of water and extracted with 900 ml of t-butyl methyl ether under 
alkaline condition. The extract was evaporated under reduced pressure to 
yield 12.53 g (0.0324 mol) of purified (R)-N-(4-benzyloxybenzyl)-2,4-dichloro- 
a -methylbenzylamine. (Yield: 84.0 %, Purity 99.4 %) 
NMR spectrum data ( 6 ppm, CDCla) 

20 1.30 (d) 3H; 1.63 (s) 1H; 3.52 (s) 2H; 4.27 (q) 1H; 5.04 (s) 2H; 6.88-7.58 (m) 
12H. 



Example 32 

7.24 g (0.0381 mol) of (^^^-dichloro-a-methylbenzylamine and 
25 9.06 g (0.0457 mol) of 3-phenoxybenzaldehyde were mixed in 100 ml of 
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ethanol and stirred at room temperature for 6 hours. After ascertaining 
the disappearance of the amine. 1.75 g (0.0463 mol) of sodium borohydride 
was added thereto at room temperature and stirred at that temperature for 
3 hours. 

5 After the reaction, 10 ml of 36% hydrochloric acid and 10 ml of water 

were added at room temperature and evaporated under reduced pressure. 
To the obtained residue were added 100 ml of t-butyl methyl ether and 100 
ml of water and stirred. The solution was left standing to precipitate. 
Precipitated crystals were washed with 100 ml of t-butyl methyl ether and 

10 then mixed with alkaline solution containing 6.98 g of sodium hydroxide in 
100 ml of water and made alkaline and extracted with 150 ml of chloroform 
under alkaline condition. The extract was evaporated under reduced 
pressure to yield 13.5 g (0.0361 mol) of purified (R>N-(3-phenoxybenzyl> 
2,4-dichloro- a -methylbenzylamine. (Yield: 94.8 %, Purity 94.1 %) 

15 NMR spectrum data ( 5 ppm, CDCI3) 

1.29 (d) 3H; 1.58 (s) 1H; 3.57 (d) 2H; 4.25 (q) 1H; 6.95-7.56 (m) 12H. 

Example 33 

7.06 g (37.1 mol) of (R)-2,4-dicWoro-a-methylbenzylamine and 8.13 g 
20 (44.6 mmol) of 4-phenylbenzaldehyde were mixed in 50 ml of t-butyl methyl 
ether and stirred at room temperature for 1 hour. After ascertaining the 
disappearance of the amine, 30 ml of methanol was added thereto and 2.60 g 
(68.7 mmol) of sodium borohydride was gradually added at room 
temperature and stirred at room temperature for 16 hours. 
25 After the reaction, 13 ml of 36% hydrochloric acid and 10 ml of water 

63 



/ 



were added at room temperature and evaporated under reduced pressure to 
yield crystals. To the obtained crystal was added 25 ml of t-butyl methyl 
ether, stirred and separated the crystals by filtration. The crystals were 
washed with 50 ml of t-butyl methyl ether and then mixed with alkaline 

5 solution containing 2.87 g of sodium hydroxide in 100 ml of water and 

extracted with 800 ml of t-butyl methyl ether under alkaline condition. The 
extract was evaporated under reduced pressure to yield 9,65 g (27.1 mmol) 
of (R)-N-(4-phenylbenzyl)-2,4-dicHoro- a-methylbenzylamine. (Yield: 72.9%, 
Purity 99.1 %) 

10 NMR spectrum data ( 5 ppm, CDC1 3 ) 

1.34 (d) 3H; 1.60 (s) 1H; 3.64 (s) 2H; 4.32 (q) 1H; 7.25-7.62 (m) 12H. 



Example 34 

0.12 g (0.97 mmol) of (S)- a -methylbenzylamine and 0.25 g (1.19 
15 mmol) of 3-benzyloxybenzaldehyde are mixed in 4 ml of t-butyl methyl ether 

and stirred for three days at room temperature, and then evaporated under 

reduced pressure to give 0.35 g (1.12 mmol) of (S)-N-(3- 

benzyloxybenzylidene)- a -methylbenzylamine (Yield: 115%, purity 85%). 

NMR spectrum data ( 6 ppm, CDCla) 
20 1.58 (d) 3H; 4.54 (q) lH; 5.10 (s) 2H; 7.04-7.50 (m) 14H; 8.33 (s) 1H. 



Example 35 

0.11 g (0.93 mmol) of (S)- a -methylbenzylamine and 0.26 g (1.23 
mmol) of 4-benzyloxybenzaldehyde are mixed in 4 ml of t-butyl methyl ether 
25 and stirred for three days at room temperature, and then evaporated under 
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reduced pressure to give a residue, which, was then washed with 5 ml of n- 
hexane, filtered , and dried to give 0.24 g (0.7? mmol) of (S)-N-(4- 
benzyloxyben2ylidene)- a -methylbenzylamine (Yield: 83 %, purity 90%). 
NMR spectrum data ( 6 ppm, CDCh) 
5 1.57 (d) 3H; 4.50 (q) lH; 5.08 (3) 2H; 6.97-7.84 Cm) 14H; 8.29 (s) 1H. 

Example 36 

In Example 34 (R)-2,4~dichloro- a -methylbenzylamine was used in 
place of (S)- ol -methylbenzylamine and Bimilar operations were conducted 
10 to obtain 0.43 g (1.11 mmol) of (R)-N-(3-benzyloxybenzylidene)-2,4-dichloro« 
a -methylbenzylamine (Yield: 109%, Purity: 90%) 
NMR spectrum data ( 6 ppm, CDCI3) 

1.51 (d) 3H; 4.92 (q) 1H; 5.10 (s) 2H; 7.02-7.74 (m) 12H; 8.35 (s) 1H. 

15 Example 37 

In Example 36 4-benzyloxybenzaldehyde was used in place of 3- 

benzyloxybenzaldehyde and similar operations were conducted to obtain 

0.47 g (1.23 mmol) of (R)-N-(4-benzyloxybenzylidene)-2,4-dichloro- a - 

methylbenzylamine (Yield: 100%, Purity: 98%) 
20 NMR spectrum data ( <5 ppm, CDCU) 

1.49 (d) 3H; 4.88 (q) 1H; 5.09 (s) 2H; 6.98-7.74 (m) 12H; 8.31 (s) lH. 

Example 38 

In Example 36 4-phenylbenzaldehyde was used in place of 3- 
25 benzyloxybenzaldehyde and similar operations were conducted to obtain 
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0.391 g (1.10 mmol) of (R)-N-(4-phenylbenzylidene)-2,4-dichloro- a - 

methylbenzylamine (Yield: 113 %, Purity: 89%) 

NMR spectrum data (<5 ppm, CDCI3) 

1.53 (d) 3H; 4.95 (q) 1H; 7.23- 7.86 (m) 12H; 8.42 (s) 1H. 

5 

Example 39 

In Example 36 3-phenoxylbenzaldehyde was used in place of 3- 
benzyloxybehzaldehyde and similar operations were conducted to obtain 
0.420 g (1-13 mmol) of (R)-N-(3-phenoxylbenzylidene)-2,4-dichloro- a - 
10 methylbenzylamine (Yield: 116 %, Purity: 86%) 
NMR spectrum data ( 6 ppm, CDCI3) 
1.50 (d) 3H; 4.92 (q) 1H; 7.00-7.71 (m) 12H; 8.34 (s) 1H. 

Comparative Example 1 
15 In 2.37 g of methanol, 153 mg (0.96 mmol) of racemic 3,3,3-trifluoro- 

2-hydroxy-2-methylpropioriic acid was dissolved at 45°C, To this solution 
was added, at that temperature, a solution prepared by dissolving in 
advance 200 mg (0.51 mmol) of (-)-brucine in 2.37 g of methanol, and then 
stirred to mix. 

20 The solution after mixing was left standing at room temperature for 

2 days to precipitate crystals. 

The crystals formed were collected by filtration, washed with 3.17 g 
of methanol and then dried to yield 115 mg of (-)-brucine salt of (S)-3,3,3- 
trifluoro-2-hydroxy-2-methylpropionic acid with an optical purity of 42% ee. 

25 
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Comparative Example 2 

In 1.48 g of t-butyi methyl ether, 310 mg (1.96 mmol) of racemic 
S.S^-trifluoro^-hydroxy^-meth^rlpropionic acid was dissolved at room 
temperature. To this solution was added, at that temperature, a solution 
5 prepared by dissolving in advance 235 mg (1.94 mmol) of (S)-o> 

methylbenzylamine in 1.48 g of t-butyl methyl ether, and then stirred to 
mix. 

The solution was left standing thereafter for 3 days at 5°C, and 
resulted in no precipitation of crystals, the solvent was removed by blowing 
10 nitrogen onto the surface of the solution at room temperature to concentrate 
the solution so as to precipitate crystals. 

The crystals formed were collected by filtration, washed with 1.48 g 
of t-butyl methyl ether and then dried to yield 253 mg of (S)-o> 
methylbenzylamine salt of (S)-3 > 3,3-trifluoro-2-hydroxy-2-methylpropionic 
15 acid with an optical purity of 5% ee. 
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